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THE STORY OF ATOMIC 
ENERGY. 


XI.—PROGRESS UP TO ATOMIC 
FISSION. 


By Dr. Freperiox Soppy, F.R.8.* 


Ever-Inoreastne CoMPLEXITY. 


From the earliest times, the philosophical object 
of studies of the nature of matter had been simpli- 
fication—to resolve it into its fundamental consti- 
tuents. But each accession of positive knowledge, 
as distinct from the facile speculations of a pre- 
tentious monistic natural philosophy, had been in 
precisely the opposite direction. The dozen or so 
elements known to the ancients kept on growing, 
up to and through the Nineteenth Century, and, 
after the atomic theory of Dalton and the recog- 
nition of the Periodic Law, reached the sixties and 
seventies. In 1913, Moseley’s roll-call revealed 


Fig. 85. ELEcrRon SHower or THREE NEGATRONS 
AND THREE PositTrRons. 


Fie. 87. Cosmicat Ray “ Burst’ on SHOWER 
or ELectrons AGGREGATING 
10,000 M.E.V. Ewnerey. 


that 92 elements were possible; but from 1905 
onwards, the existence of isotopes multiplied this 
number almost indefinitely. The 92 places in the 
Periodic Table merely indicated the possible number 
of atomic ‘exteriors, each place on the average 
containing several different varieties, the atomic 
nuclei of which are of different mass. In addition 
at least half as many more were added by the 
development of artificial radioactivity, in which 
the atomic nuclei are again different, being unstable 
and each possessing a characteristic period of 
average life. 

In any strict sense, this new departure—that 
what had till then been taken for elements were 
simple mixtures of chemically identical substances, 
in which the atoms differed, not continuously, but 
step-wise by whole units of weight—had never 
even been dreamt of before it was revealed by radio- 
active changes. But it is true that Sir William 
Crookes, first in his Presidential Address to the 
Chemistry Section of the British Association at 
Birmingham in 1886, had canvassed the possibility 


* We have arranged with Dr. Soddy to publish his new 
book, The Story of Atomic Energy, in the form of a series of 
articles which are appearing at fortnightly intervals 
approximately. Dr. Soddy, however, retains the copy- 
right, therefore no extract may be made from’ these 
articles without his permission.—Ep. E. 
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that what he termed meta-elements might exist, 
and certain passages from it, divorced from their 
context, might be cited as an anticipation of the 
doctrine of isotopes. 

He certainly did anticipate the possibility that 
the atomic weight might be an average value for a 
collection of atoms differing in atomic weight among 
themselves. But, as was only natural at that time, 
he postulated a continuous, rather than a step-wise, 
variation of atomic weight, and, more important, 
that the differences would produce slight differences 
of chemical character, which in time might allow 
them to-be separated by fractionation processes, 
much as the rare-earth elements at that time were 
beginning to be separated. But it was an entirely 
new and very strange idea in chemistry that a 
simple mixture of atoms differing in mass suffi- 
ciently to be capable of separation by physical 
methods, such as by diffusion in the gaseous state, 
should absolutely defy chemical analysis, even by 








the most searching methods of separation that 
ultimately had sufficed to separate the 14 similar 
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Fre. 86. Track or Proton oF 150 M.E.V. 
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rare-earth elements. Each step forward in the 
analysis of matter had revealed an ever-increasing 
complexity, so that it is safe to say that, by 1932, 
the original object of the search had been almost 
completely forgotten. It seemed instead that 
simplicity did not really exist in the physical world, 
and the further one delved into it the more compli- 
cated it became. 


THE EMERGENCE OF SIMPLICITY. 


Nevertheless the revelation of isotopes, coupled 
with the Einstein identification of mass and energy, 
and the genius of Aston in putting it to experi- 
mental test, marked the sudden end of this sort of 
progress in the backward direction. In 1932, the 
discovery of the neutron, together with that of the 
positron, in complement of Thomson’s 1897 dis- 
covery of the free negatron, revealed three elemen- 
tary particles, one of matter and two of electri- 
city of opposite sign, out of which it at least became 
possible to construct the framework of the real 
physical world. In place of the most appalling 
complexity was almost suddenly substituted a truly 
regal simplicity, and that holy-of-holies, the nucleus, 
from being an impenetrable mystery, assumed 
instead the guise of a liquid drop, made up of so 
many neutrons, the greater part, usually, free, and 
a somewhat smaller part combined with positrons 
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as protons, the dynamics of which under external 
bombardment has been likened to children playing 
marbles, projecting one into a serried bunch, and, 
with luck, causing another to leave at similar 
speed from the opposite side. 


Tue Nevutron-Proton Ratio. 

Calling the integer nearest to the atomic weight, 
or mass-number of the isotope, M, then M = n + p, 
where n and p stand for the numbers of neutrons 
and protons, respectively. Calling the atomic 
number N, p=N, and hence n= M—N, as 


already elaborated. The next step is that ; the 


ratio of the numbers of neutrons to protons, deter- 
mines the nature of the nucleus, and enables almost 
everything yet known about it to be systematised. 
For the stable elements, with the single exception 
of hydrogen, the nucleus of which is a proton only, 
there are never less, and usually rather more, neu- 
trons than protons. Up to the end of the first two 
short periods of eight elements of the Periodic Table, 
i.e., to chlorine (M = 35 and 37, N = 17), the latter, 
33Cl, is the only one with more than two neutrons in 
excess of protons. But then a change starts, and 
this excess goes on increasing right through the 
rest of the Table. This change occurs just where 
the periodicity changes from 8 to 18, and it suggests 
that there may be some parallel between the condi- 
tions of stability inside and outside the nucleus: 
For the last entirely stable isotope, bismuth, M, 209, 


n 
and N, 83, the — ratio is almost exactly 1-5, and 


for the heaviest element, uranium, M, 238, and 
N, 92, it is nearly 1-6. 


Tue Stapiity RANGE oF THE NUCLEUS. 


We have now, thanks to the mass spectrograph, 
a complete survey of the isotopic composition of 
all the elements, and there is every reason to believe 
the existing isotopes represent the range of stability 
possible for each value of N. The fact that neutrons 
cannot long exist free is one of the reasons, as the 
existence of minute quantities of heavier isotopes, 
of most of the elements with even N, probably 
indicates a small natural supply of free neutrons, 
possibly from cosmical radiation, which, in the 
course of ages, has produced them from the com- 
moner ones. Every indication also points to the 
elements with odd N being less stable than the 
others. Though the two sorts are, naturally, in 
equal numbers, only one-eighth of the earth’s 
crust, by weight, consists of: the odd elements. 
Excluding hydrogen, sodium, aluminium and 
potassium, the whole of the rest of the odd 
elements exist only in relatively negligible quantity. 
As we have seen, one half of these are single ele- 
ments, and the other half are pairs with mass 
numbers two consecutive odd numbers, except at 
the beginning of the Table, when the two numbers 
are sometimes consecutive, i.e., one even, one odd. 

So that what is going to happen to the nucleus 
after any transformation can be pretty well pre- 
dicted in advance from whether or not the nucleus 
formed is within the known stability range for that 
value of N, and, if it is not, what type of further 
radioactive change will bring the nucleus back into 


the range of stability. In this case, if the = ratio 


has been raised, either by gain of a neutron or loss 
of a proton, positron or «-particle, the consequent 
change will lower it again, by loss of a neutron or 
negatron, and vice-versa. If the five cases set forth 
inthe previous chapter, for the first cases of artificial 
radioactivity discovered, are looked at from this 
point of view it will be found that this simple rule 
is obeyed. For the commonest and simplest case 
of a nucleus combining with a neutron, the rule is 
that, if the new nucleus produced is within the 
stability range of the known isotopes, it will not be 
radioactive, and if not, it will emit 8-rays. 


NvucLEaR CHEMISTRY. 

For the rest, pairs both of neutrons and protons 
favour stability, and a lone proton or neutron insta- 
bility. All isotopes, with N and M both even, are 
composed of potential helium nuclei, with or without 
additional pairs of neutrons, and these are among 
the most common ‘type, those without being, of 
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course, confined to the first ten elements with even N, 
Nuclear chemistry is quite different from ordinary 
chemistry, in that it appears to be almost entirely 
dictated by energy considerations. Provided any 
change is possible with energy release, then that 
change is also probable. The general inference 
from these properties is that the nucleus has no 
static architectural type of structure like the 
chemical molecule, but is a very se — 
assemblage of free and independent parti 

and neutrons, and possibly potential ae she 
made up of a pair of both. In this it resembles 
closely a liquid drop, and the ejection from it of a 
radiant particle is likened to evaporation. It is, 
of course, not pretended that such simple ideas 
cover the whole range of known phenomena, but 
merely that they prove extremely useful both in 
theory and practice. Indeed, to show that there 
are things in heaven, at any rate, not yet dreamt of 
in our philosophy, it is timely to give at this stage 
a brief account of the cosmical rays, which far 
transcend the limits to which terrestria] phenomena 
concerning the region within the atom have yet 
reached. 

Tue CosmicaL Rays. 

Gockel, in 1910, taking up electroscopes in balloon 
ascents to 15,000 ft., found that the very slight 
natural ionisation of the atmosphere, which before 
had, naturally, been ascribed wholly to the radio- 
elements in the earth’s crust and to the escape of 
radon into the atmosphere, steadily increased with 
height ; whereas, if of terrestrial origin, it should 
diminish and at the heights reached be very small 
or vanish. Hess and Kohlhérster, in similar work, 
reached 32,000 ft. and found the ionisation there 
to be some eight times that at sea level. By 1912 
it had been established that a radiation far more 
penetrating than the y-rays was reaching the earth 
from all directions of outer space. It is practically 
the same by day as at night, and is not affected by a 
solar eclipse, but its real origin remains a mystery. 

After the 1914-18 war, the work was extended to 
terra firma by the use of special large electroscopes 
designed to magnify the effect. R. Millikan took 
these up high mountains in the Rockies and Andes, 
and sunk them to great depths in the water of glacier- 
fed lakes, free from radioactive contamination, in 
order to determine the penetrating power of these 
rays. Regener did the same in Lake Constance, 
only 1,300 ft. above sea level. It is to be borne in 
mind that, though the y-rays are so penetrating, they 
are absorbed just as much by transparent materials 
as by opaque, and roughly in proportion to their 
density, so that, for this purpose, the surface of the 
earth is covered with a layer of air equivalent in 
absorbing power to a depth of 30 in. of mercury, 
through which, even if the sun were made of pure 
radium, no detectable y-rays would penetrate. 
The results showed that even the softest of the 
cosmical rays reaching earth-level are five or ten 
times as penetrating as the y-rays, but, to whatever 
depths the instruments were sunk, the cosmical 
rays, though continuously weakened in intensity, 
were not completely absorbed. Similar experi- 
ments, in the salt and iron-ore mines of Germany 
and Sweden, showed that some still survived 
passage through great thicknesses of the earth’s 
crust. However, it will be recalled that the neutron 
was first taken for a very penetrating type of 
y-Tays, and something the same seems to be true 
for the cosmical rays. 

In the next phase of the work, the meteorological 
technique was used of sending up free balloons, 
carrying instruments automatically recording the 
change of the atmospheric ionisation with height. 
These burst at a pre-arranged height and the instru- 
ments are safely conveyed to earth by parachute. 
In this way heights of nearly 10 miles were reached, 
at which only one-tenth of the air is left above. But 
it was found that the ionisation had reached a maxi- 
mum just before this, at over a hundred times that at 
sea level, and was then starting to diminish again. 
If this is correct, it shows that the virgin rays, 
reaching the upper atmosphere from outer space, 
do not ionise directly but only after they have been 
transformed, by passage through the upper layers 
of the air, into softer secondary rays. But, more 
important, it shows that the rays reaching the earth 
have traversed nothing but empty space, 
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CosmicaL Ray SHOWERS OR Bursts. 


These experiments established also a new pheno- 
menon, known as “showers” or “ bursts” of cos- 
mical radiation, which appear to be due to occasional 
spasmodic outbursts of energy produced by indivi- 
dual radiant particles. They have since been 
intensively studied on the ground by means of 
their Wilson tracks, and their real nature remains 
one of the major unsolved problems of cosmical 
physics. From then on, the study of individual 
rays, by their Wilson tracks and by Geiger counters, 
almost completely replaced the earlier methods, so 
that the results bear rather a different interpretation, 
as applying to these individual particles rather than 
to the general average effects of the rays. 

Four types of cosmical ray Wilson-track photo- 
graphs, taken by C. D. Anderson, are reproduced in 
Figs. 85 to 88, on page 361. The photographs are 
taken in duplicate to get stereoscopic effect, the one 
on the left being the direct photograph and the other 
that of an image reflected by a mirror. They were 
taken from the summit of Pike’s Peak, Colorado, 
14,000 ft. high. The axis of the cylindrical chamber 
was horizontal, and a magnetic field of 8,000 gauss, 
directed into the paper, was used to deviate the 
particles. Fig. 85 shows an electron shower of three 
negatrons and three posi of energies estimated 
as 3-5, 55 and 190, and 78, 70 and 90 M.e.v., respec- 
tively. Fig. 86 shows a strongly ionising particle, 
thought to be a proton of energy 150 M.e.v. travel- 
ling at half the speed of light, probably produced in 
an electron shower which also appears. In Figs. 87 
and 88, a lead plate, 3-5 mm. thick in the horizontal 
plane, divides the chamber into halves. Fig. 87 
shows a shower or burst of over 100 electrons, the 

te energy of which is thought to exceed 
10,000 M.e.v.; the nature of its generation is a 
complete mystery at present. The experimenter 
interprets Fig. 88 as due to a positron of some 
480 M.e.v. energy striking the plate from above, and 
of three electrons emerging from the lower surface, 
one of which is the original reduced to 3] M.e.v. 
energy, and the other two are an electron pair, 
generated by a photon in the lead produced by the 
incident positron, both positron and negatron having 








Fic. 91. Rzcom or Unanium Fission Propvucts. 
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45 M.e.v.energy. The short dense track is probably 
a stray «-particle arising from radioactive contamina- 
tion of the lead plate. 

As some of the rays consist of high-velocity 
charged particles, they should become concentrated 
near the magnetic poles, while through the 
earth’s magnetic field. This “‘latitude-effect ” was 
established by Clay and Compton, after previous 
observers had failed to find it. The effect is about 
one-seventh greater at sea level for temperate 
than for tropical latitudes, but at an altitude of 
13,000 ft. is about one-third greater. There is also 
a small “east-west” effect, more arriving from 
the west than from the east, showing that more of 
the particles carry positive than negative charges. 
Minute diurnal variations have also been noted, 
which point to the origin of the rays being outside 





the solar galaxy altogether, in the remotest depths 
of space, 
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Tue Mzson. 


The most novel contribution to fundamental 
knowledge has been to reveal the probable existence 
of a new elementary particle called the meson. 
was originally postulated to exist by the theorist 
Yukawa to Soaes for nuclear properties. It is 
intermediate in mass between the electron and pro- 
ton, and is supposed only to exist for about one- 
millionth of a second, before changing into an 
electron and another theoretically postulated particle 
called the neutrino. The last, however, may not be 
capable of detection, as it is supposed to have the 
mass only of an electron, without charge. The 
cosmical ray meson carries a negative charge and 
is about 150 times the mass of the electron. So far 
as yet studied, it appears to correspond reasonably 
closely to the Yukawa theoretical particle, which 
could be either positive or negative. Figs. 89 and 90, 
opposite, are reproductions of Wilson-chamber photo- 
graphs taken by E. J. Williams and E. Pickup, of 
Liverpool University. The track in Fig. 89 was ob- 

tained in a large Wilson chamber 30 cm. in diameter 
and 30 cm. deep, in a magnetic field of 1,000 gauss. 
It is believed to be that of a meson because, if it 
were an electron of similar curvature, the density 
of ionisation along the path would be three times 
less and, if a proton, a hundred times greater. In 
Fig. 90, the track of a cosmic-ray electron of similar 
curvature has been superimposed on the photograph 
below a part of the track of the supposed meson, 
to bring this out. 

The present state of the subject raises many 
unanswerable questions. The fact that the cosmical 
rays appear to arrive in a virgin condition, without 
the secondary rays produced by passage through 
matter, if it is confirmed, absolutely rules out any 
other origin than virtually empty space, so that 
they cannot come from the sun or stars. This is an 
intriguing possibility, because it bears out a sugges- 
tion that atomic synthesis might be favoured and 
take place in free space, where the atoms are no longer 
subjected to the incessant mutual bombardment they 
undergo even in the most rarefied gases that can 
be studied under laboratory conditions. It may be 
that, under conditions of virtually zero temperature 
and concentration, new combinations might form 
which in the course of time condense together into 
a single atom, though it must be confessed that on 
present views there seems little or no likelihood of 
this being possible. Still the fact remains inexplic- 
able that energetic processes are apparently occurr- 
ing in empty space in which more energy is evolved 
than our present views can account for. 

The total energy of the cosmical rays reaching the 
earth is estimated as not less than one-tenth that 
of star-light, and sufficient to keep a black body in 
space 3 deg. C. above the absolute zero. The 
showers indicate energy-levels at present inexplic- 
able, for even the complete annihilation of the heavi- 
est atoms known to us into energy is hardly 
sufficient to account for some of them. The 
subject is, like some of the tendencies of modern 
cosmological speculation, encountering unanswer- 
able contradictions. 


Atomic Fission OF THE RaApDIO-ELEMENTs. 


We now come to the last step of the chain of 
laboratory discoveries that was, in due course, to 
make the artificial mass release of atomic energy 
possibly, namely, that of atomic fission. Fermi 
found that the naturally radioactive elements, 
uranium and thorium, give under neutron bom- 
bardment a very complicated mixture of radioactive 
products, undergoing long series of successive 
B-ray changes, of the kind familiar in natural radio- 
activity, but rarely, if ever, before encountered in 
artificial radioactivity. Naturally, he interpreted 
them according to the simple principle laid down 
governing such changes, as indicative of a whole 
sequence of new elements beyond the last element 
uranium, in the Periodic Table, which he termed 
““trans-uranic elements.”” The Displacement Law 
alone would necessitate this for the products of 
successive f-ray changes from uranium. In this 
he was both wrong and right ; wrong as regards 
these particular products, but right in that such 
trans-uranic elements, as later work was to show, 
are also produced. Indeed, it is the latter rather 





This between uranium and thorium. Thorium is only 
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than the former that have now come to dominate 
this subject. 
There were, 











however, important differences 


disintegrated by fast neutrons}; and here the 
products were taken to be new isotopes of the ele- 
ments 88-91, radium, actinium, thorium and 
protactinium ; _ but the crucial difference is that 
uranium is both by fast and by slow 
neutrons, the action of the two being quite different. 
The sequence of successive products was here first 
taken to extend to five new places beyond uranium, 
from No. 93 to No. 97. 

The clue to the true nature of the latter was 
given by the work of Mme. Joliot-Curie and P. 
Savitch, that one of the uranium products was a 
rare-earth element, resembling lanthanum, No. 57, 
but separable from actinium, No. 89; but they just 
failed to establish its isotopy with lanthanum. 
Then another product, taken to be an isotope of 
radium, No. 88, was found by Hahn in fact to be 

separable from radium, but not from barium, 
No. 56. At this stage, he and his co-workers in 
Berlin, 1939, put forward the view that is now 
adopted, namely, that uranium under neutron 
bombardment undergoes an entirely new type of 
disintegration, which is termed fission, in which these 
two heaviest known atoms divide into two more or 
less equal parts. 

The crucial importance of this was very quickly 
realised. For, as already remarked, such a process 
must, of arithmetical necessity, release from the atom 
undergoing fission a great excess of neutrons, as 
many as twenty or more, to bring the two atoms 


formed within the stability range, the ~ ratio being 


1-59 for uranium, and from 1-2 to 1-4 in the middle 
of the Periodic Table. Also, as here the Aston 
fraction is —10 and that of uranium +5-4, the 
energy released by such a single process must be 
of the order of about 165 M.e.v., some four times 
as much as in the complete sequence of fourteen 
natural changes of uranium into lead and helium. 


Fission Propvucts anp THEIR RECOIL. 


The key having been found, the general nature 
of this wealth of new products was quickly made out. 
It is concluded that fission produces two groups of 
atoms mainly of energy 70 and 100 M.e.v., respec- 
tively, and with masses inversely as this ratio, as 
the law of conservation of momentum dictates. 
But fission is not a definite single mode of break-up 
as in natural radioactive change, the evidence being 
that the masses of the two parts formed are the 
more nearly equal the higher the energy of the 
bombarding neutrons which produce the fission. 
For the heavier group, M ranges between 154 and 127 
and N between 51 and 57, and for the lighter group 
from 115 to 83 and from 35 to 38, respectively, 
though molybdenum, N = 42, also appears to be 
present. The activity of uranium subjected to 
cyclotron-generated neutrons is so great that the 
original ~~ by comparison, is negligible. The 
products undergo successive normal radioactive 
changes, with f-ray emission accompanied by 
y-rays, and the periods range from a fraction of a 
second to over a year, several being of the order 
of a month and the most abundant type contributing 
less than 10 per cent. of the whole activity. 

The energetic recoil of the fission parts on forma- 
tion much assists their separation and study, as it 
has done with some of the short-lived «-ray products 
of natural radioactivity. But here, by the dictates 
of conservation of momentum, the recoil is far more 
energetic, so that the recoiling parts can ionise gases, 
and their Wilson tracks can be studied. These 
are quite different from normal «-ray tracks, showing 
what has been aptly termed a “ Christmas- 
effect. Their energy is so great that they put into 
energetic recoil the nuclei successively encountered 
in their path, each of which ionises and forms a 
short branch track on the main path or “stem.” 
get gem Reales mrt 8 eon dhe 
be from those of the normal type of 
change not yet dealt with, and to be separately 
collected very simply in shallow dishes of water 
placed within a millimetre or so of the uranium 

bombardment. 





etignaie taken by J. K. Boggild, 
recoil of uranium fission products. In ocr Neg 
the atmosphere was a mixture of argon with alcohol 
and water vapour, at 10 cm. pressure, and in the 
three photographs B, C, D, it was moist helium at 
34 cm. pressure. The colossal energy of the recoiling 
fission- fragments i is revealed by the large number of 
direct. “‘ head-on ”’ collisions they make with the 
atomic nuclei in their path before being stopped, 
at each of which the nucleus recoils with velocity 
sufficient to ionise the gas and produce a short 
branch track. 


Tue Emission or NEvTRONs. 
As the emission of free neutrons, it has 
been established that this occurs without measurable 
lapse of time when the bombarding neutron strikes 


the atom. The excess — ratio of the two fission 


products is corrected mainly by successive f-ray 
changes, but several neutrons per atom of uranium 
broken up also result. The number probably 
depends on the energy of the bombarding neutrons, 
but is believed to be usually about three. Also 
some of the products expel neutrons. Four groups, 
from products with the half-periods, 2-5, 7, 24 and 
57 seconds, respectively, are emitted after the 
primary fission, but only about 1 per cent. of the 
total neutrons emitted is delayed by as much as a 
hundredth of a second. Though relatively insig- 
nificant in number, compared with the 

neutrons expelled, these secondary neutrons have 
played a most important and advantageous part in 
controlling and regulating the artificial fission 
process, as they render the system more conserva- 
tive to abrupt change. The average energy of the 
main group emitted is 1 M.e.v., and the nuclei 
are regarded as losing their excess neutrons by a 
process very similar to evaporation for a liquid 


So soon as these facts became established there 
arose the possibility that fission of uranium once 
started might, under proper conditions, proceed 
spontaneously without further externa] stimulus, 
much as chemical change is propagated in combus- 
tion or detonation. Since each uranium atom dis- 
integrated provides several high fresh neu- 
trons, these in turn would disintegrate the neigh- 
bouring uranium atoms, so that, if under control, 
the process could be made to proceed quietly, as in 
combustion, but, if not, would consummate suddenly 
in a detonation many million-fold more powerful 
than that of any known chemical explosive. Both 
of these consequences our generation has lived to 

THE Fission OF URANIUM. 

It is now necessary to go into more detail regard- 
ing the changes effected by neutrons in uranium, 
of which there is fairly complete knowledge. The 
very similar changes set up in thorium are still little 
revealed beyond that the sequence of elements with 
N from 52-57 is produced by this element also. 
Remarkably few of the wealth of fission products 
have been identified with the radioactive isotopes 
artificially produced by the normal methods, and 
several different isotopes of the same element may 
occur in these products. There are two peculiarities 
of special importance shown by uranium but not by 
thorium. 

The first is that there is a strong “‘ resonance ” 
capture, as it is technically termed, by the main 
uranium isotope, of mass-number 238, forming, in 
the normal way, the uranium isotope 239. This is 
B-active, with half-period 23 minutes, and therefore 
produces element No. 93, the first trans-uranic 
element, the nearer consideration of which is 
deferred till later. This reaction is mainly brought 


» |! about by neutrons of a defined range of speed, of 


energy some 25 e.v. The fast neutrons ejected in 
fission are stated to be able to make many inelastic 
collisions with the 238 nucleus without causing 
fission, and the latter therefore assists in reducing 
their velocity. But the second peculiarity was of the 
more immediate importance, that uranium, but not 
thorium, captures slow neutrons which produce 
fission. 
Actino-URANIUM, OR U 235. 
Bohr, from general theoretical considerations, 








Fig. 91, opposite, reproduces four Wilson-chamber 


attributed this last not to the 238 isotope, which is 
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in overwhelming preponderance, but to another of 
mass 235, present only in the proportion of a0" 


of the whole. The existence of this isotope, though 
its history goes back a generation, had only just 
been actually demonstrated. As it happens, 
uranium and thorium proved to be among the 
““die-hards” to isotopic analysis by the mass- 
spectrograph, but they had recently been success- 
fully resolved by Dempster, using more powerful 
methods for generating their positive ions, with the 
result stated for uranium, whereas thorium consists 
of the single isotope of mass 232. It is the solitary 
exception to the elements of even atomic number 
always being complex. However, thorium, ?33Th, 
though the longest-lived of the known unstable 
elements, is not entirely stable and is always accom- 
panied in Nature by an infinitesimal proportion of 
the isotope, radio-thorium, °3$Th, which strictly, 
invalidates even this solitary exception. 

The mass spectra of uranium and thorium, taken 
by A. J. Dempster by his hot-spark method, are 
shown in Fig. 92, page 362. The doubly-charged 
ions of thorium (upper spectrum) and of uranium 
(lower spectrum) have been bracketed with the 
singly-charged isotopes of tin. Thorium consists of a 
single isotope of mass number 232, and uranium of 
mass number 238, but in the original photograph, 
from which Fig. 92 has been reproduced, a faint 
line at 117-5, corresponding with the isotope of 
mass 235, could just be made out in the lower 
spectrum, though it is not visible in the reproduc- 
tion. 

But A. Piccard—well known in another connec- 
tion as having been the first to ascend into the 
stratosphere in a balloon carrying a closed sphere 
as cabin—had quite early suggested that such a 
separate isotope of uranium, which came to be 
known as actino-uranium, might be the original 
parent of the actinium disintegration series. The 
alternative was that the latter resulted by a branch- 
ing of the uranium series, either at the start or at 
its third isotopic member, Uranium II, as it is called, 
only a few per cent. of the atoms disintegrating pro- 
ducing it, and the rest producing the main radium 
series. Such branchings do actually occur towards 
the end of all the series, among the short-lived active 
deposits. Uranium II, mass number 234, is only 
present to the extent of one part in 20,000 and is 
just detectable by the mass-spectrograph. But 
the mass-spectrograph had long before shown the 
existence, in small but consistent proportion, of the 
isotope of lead, 207, in lead derived from uranium 
minerals. As there are, in the actinium disintegra- 
tion series, seven a-ray changes from uranium, this 
made the mass of actino-uranium 207 + 28 = 235, 
which supported Piccard’s explanation of the origin 
of the actinium series rather than the branching 
hypothesis. The U 235 is more easily fissioned by 
slow thermal neutrons than by fast, and, but for its 
existence, artificial mass-release of atomic energy 
could not have been achieved. It is well to remem- 
ber by how slight a margin, and for how minute a 
proportion of one, not at all abundant, element, it 
has been so far achieved. 





APPLICATIONS OF POWER CARTRIDGES: ERRATUM.— 
It is regretted that, in describing the direct method of 
starting Diesel engines by power cartridges, on page 296, 
ante, it was stated that the Field-Marshall tractor was 
manufactured by Messrs. John Fowler and Company 
(Leeds), Limited. This company manufacture the 
Fowler-Marshall tractor, the Field-Marshall tractor 
being produced by Messrs. Marshall, Sons and Company, 
Limited, Gainsborough ; both types of tractor, however, 
are fitted with the same design of engine and both are 
started by power cartridges. 


W. E. HIGHFIELD SHIELD COMPETITION.—The results 
of the W. E. Highfield Shield competition for 1947, held 
under the auspices of the Association of Supervising 
Electrical Engineers, have now been announced. The 
first prize of five guineas and the Shield have been won 
by Mr. A. N. D. Kerr, A.M.I.E.E., Chislehurst, Kent. 
The second prize of three guineas has been gained by Mr. 
F. H. Heathcote, Assoc.I.E.E., of Ealing, and the third 
prize of two guineas by Mr. E. P. Hollis, B.Sc., A.M.I.E.E., 
of Twickenham, Middlesex. The Shield and prizes will 
be presented to the successful competitors at the Associa- 
tion’s opening meeting of the 1948-49 session in October. 
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Engineering Applicttions of Fluid Mechanics. By Pro- 
FEssOR J. C. HunsaKER and B. G. RIGHTMIRF. 
McGraw-Hill Book Company, Incorporated, 339, 
West 42nd-street, New York 18, U.S.A. [Price 
5 dols.}; and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 30s.} 

Tuts book has been written primarily as a text-book 
for engineering students, and has grown out of some 
12 years’ experience with a course in fluid mechanics 
for an undergraduate class in the mechanical engin- 
eering department of the Massachusetts Institute 
of Technology. It gives an overall picture of the 
fundamental knowledge existing to-day, together 
with its application to certain basic engineering 
problems, chiefly in the mechanical and aeronautical 
fields 

Knowledge concerning the behaviour of fluids is 
still meagre. As the authors aptly put the matter : 
the history of the science of fluid mechanics stems 
from Archimedes who understood (hydro)statics, 
Euler and the scientists of the Nineteenth Century 
established the dynamics of ideal fluids, but it was 
not until the present century that, under the stimu- 
lation of aeronautical research, the behaviour of 
real fluids began to be understood. An early 
chapter on the theory of similitude and dimensional 
analysis is a reminder, perhaps, that most of the 
hydrodynamic and aerodynamic problems confront- 
ing the engineer have still to be solved by trial and 
error. The principles of similitude have been of 
great value in obtaining design data from experi- 
ments on scale models, particularly in the case of 
ships and aircraft. Similar methods are now used 
for turbines, pumps and hydraulic problems gener- 
ally, for heat transfer and for lubrication, and 
appear to be of great importance in any development 
work for problems which cannot yet be solved analy- 
tically. The chapter shows how the basis of com- 
parison. varies according to whether the predominat- 
ing effect is that due to friction, inertia or compressi- 
bility or, in the case of ship models, to gravity forces 
in addition. 

The resistance to incompressible flow in straight 
pipes is one of those problems of the past which now 
appear to be approaching a complete solution in 
which the friction factor can be defined exactly 
in terms of the Reynolds number and pipe roughness. 
The solution now appears complete where the rough- 
nesses are entirely submerged in the boundary layer 
and also when the thickness of the boundary layer is 
small in relation to roughness height. For inter- 
mediate conditions, however, while it is clear that 
the ing and variation in height of the rough- 
nesses affect the friction factor, the exact relationship 
between the variables has yet to be established. 
The book gives the theoretical derivation of the now 
accepted logarithmic formulz for the first two con- 
ditions mentioned, and also an account of the 
latest research on the friction of new commercial 
pipes for the intermediate conditions. 

Compressibility phenomena are dealt with mainly 
in relation to high-speed flows where relative veloci- 
ties approach and exceed the velocity of sound. 
Although there are other effects of compressibility of 
interest to engineers, such as water hammer and 
acoustics, those relating to high-speed flows are of 
prime importance in the design of steam and gas tur- 
bines and compressors, of jet and rocket propulsion 
devices, of projectiles, and of high-speed aircraft. 
A chapter is devoted to drag of both aerofoil sections 
and projectiles, and another to wing theory, with 
special reference to the problems of supersonic 
flight. 

To a chapter giving the theory of lubricating 
films in both journal and Michell-type bearings 
is added another most interesting one on boundary 
lubrication. In this, the relationship between 
oiliness and molecular structure is discussed and 
also the use of additives, the value of surface finish, 
the processes of seizure and wear, and the qualities 
of bearing materials (including graphite, lead, silver 
and iridium). Separate chapters are devoted to 
hydraulic turbines (including those of the Kaplan 
type) and to centrifugal and axial-flow pumps, 





fans and compressors. Fluid couplings and torque 
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converters are dealt with shortly, and reference is 
made to the newer types of torque converters, which 
change automatically to couplings to give a top 
drive of higher efficiency for traction purposes. 

A final chapter is devoted to self-contained hydrau- 
lic transmissions and controls of the type which is 
now in general use for machine-tool operation, for 
self-contained presses, etc., and for servo-mechanisms 
generally. It deals with the use of fixed-capacity 
and variable-capacity pumps; the properties of 
hydraulic fluids, including silicones ; and contains 
a mathematical treatment for comparing the 
response of actual servo-mechanisms with the ideal. 
No reference has been made to the Hele-Shaw and 
Janney Williams pump designs, which were the 
parents of most of the variable-stroke pumps in 
use to-day, or to the recent British developments 
which have taken’ place in the direction of higher- 
pressure pumps for transmissions of this type. 

Throughout the book, the mathematical treatment 
is for the most part simple and easily understood, but 
it would be an advantage if the customary reference 
list of symbols and their definitions were given. The 
authors would appear to have explored carefully 
the vast amount of recent literature bearing on 
the subject of fluid mechanics and, apart from its 
value as a text-book, this volume should interest 
most engineers engaged in design or research. 


Elements of Nomography. By Proressors R. D. Dov- 
@Lass, Ph.D., Sc.D., and D. P. Apams, M.A. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 3-50 dols.]; and 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 21s.) 

Many engineers may be somewhat astonished to 

learn that the construction of nomograms is so 

extensive a subject as to justify a whole text-book 
being devoted to its elementary aspects. Although 
the general purpose of a nomogram, in representing 
graphically a mathematical relationship, is under- 
stood, the scope of scientific nomography is less 
appreciated than the subject deserves. It is 
especially valuable, for example, in connection 
with photography, gunnery or field hydraulics, 
where the complex effects of changing variables 
must be determined rapidly if the result is to be 
useful ; and the technician whose adventures in 
nomography have been limited to the construction 
of a simple scale to carry in his pocket, or a diagram 
for use by an untrained subordinate, will find in 
this book not only suggestions for the application 
of nomography over an unsuspected field of practical 
use to himself, but also a subject of considerable 
intrinsic interest. In particular, he is likely to be 
impressed by the contrast between “ muddling 
through ” the construction of a nomogram, and the 
methodical treatment and tabulation of data which 
enable an accurate nomogram of the most appro- 
priate type to be constructed so as to embrace any 
given range of the relevant variables and to fill any 
desired shape and size of chart. The reader may, 
indeed, be a little impatient of the unnecessarily 
formal methods advocated for simple nt 
diagrams, the solutions of which are often obvious 

by inspection, but the authors’ insistence on 4 

thorough grasp of the basic principles is justified 

by their use of those same principles for constructing 
more intricate and by no means obvious nomograms. 

Although, from the standpoint of the mathe- 
matician, this book is correctly described as elemen- 
tary, it embraces all the two-dimensional types of 
diagram as far as curved scales, compound nomo- 
grams and charts based on analytical geometry ; 
consequently, it covers the major contribution of 
the subject to engineering, commerce and most 
technical aspects of industry in general. The 
authors, respectively Professor of Mathematics 
and Assistant Professor of Graphics at the Massa- 
chusette Institute of Technology, combine authori- 
tative knowledge of their subject with an enviable 
talent for lucid exposition and insight into the 
different needs of undergraduates, as well as of 
mature technologists in a variety of professions. 

An abundance of worked examples, reproductions 

of nomograms and numerical and graphical exer- 

cises will be found most helpful to the isolated 





student, and there are remarkably few misprints 
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for a text of this sort. If there is a criticism, apart 
from the sometimes almost pretentious formality 
of the introductory chapters, it lies in the exclusive 
use of decimal quantities, which, in one or two 
instances, entails approximation when simple 
fractions would give an exact result. Such a trifle, 
however, does not detract noticeably from a 
generally excellent text-book which achieves with 
conspicuous success its object of superseding 
haphazard, empirical and often inaccurate nomo- 
graphy by a methodical scientific approach leading 
to a wide field of practical utility. 





The Role of Glaciers and Snow in Hydrology of Punjab 
Rivers. By Kanwar Satn. Publication No. 36 of the 
Central Board of Irrigation, Simla. [Nw price given.) 

THs paper, presented by the author to the Annual 
Research Committee of the Central Board of Irriga- 
tion, held in August, 1945, is an excellent summary 
of the relations of glaciers and snow to the discharge 
of rivers. It is based on a study of the Chenab, one 
of the “‘ Five Rivers,” above Marala, near Jumma, 
where the river emerges from the Himalayas, and 
shows very clearly that, in that river, the run-off 
actually exceeds the computed precipitation on the 
catchment area and is distributed throughout the 
year in a manner which indicates that snow plays a 
very important part in the matter. The excess of the 
run-off over precipitation is attributed to the reces- 
sion of the glaciers, and the peculiarities of the dis- 
tribution are ascribed to the complex storage effects 
which snow causes. It is shown how the discharge 
in the months preceding the arrival of the summer 
monsoon may be computed from measurements of 
the snow fields, describes the fluctuations of moun- 
tain reaches of the other rivers in the Punjab, and 
urges that snow surveys should be greatly extended 
in order that the flow may be forecast in the late 
spring. 

The recession of glaciers is a characteristic feature 
of the present time. Whether this may be related 
to the great 21,000-years astronomical cycle (peri- 
helion-tropic) or not is still a question. This would 
indicate that glaciation was a minimum in the 
Thirteenth Century and should now be very slowly 
increasing in the northern hemisphere, so that any 
recession may be only a temporary and minor 
oscillation. On the other hand, if, say, sun spotted- 
ness is the major cause, the changes in time will be 
quite different from those indicated by the perihelion 
cycle. However this may be, as the author remarks, 
if the recession continues the results may be most 
serious for the Punjab in the future. In regard to 
the snow effects, in which water storage occurs, 
these have very marked results. In Mesopotamia, 
the melting of the snow in the Persian hills comes 
after the rains and prolongs the flooding of the 
Tigris; but, in the Punjab, the melting is appreci- 
able before the monsoon breaks, so that it has a 
useful effect in providing river water during the dry 
period before the monsoon. 

Very good descriptions are given of the methods 
of measuring snowfields and their water capacity, 
of the actual experience gained, of the literature of 
the subject, of the importance of discriminating 
between snow and rain, of the technique of comput- 
ing discharge from melting snow, and of the relations 
of such melting to height and temperature. Any 
engineer, who is concerned with rivers of which the 
catchment areas are liable to be snow covered or 
are affected by glaciers, would be well advised to 
procure and consult this useful and instructive 
paper. 





BuskK STUDENTSHIP IN AERONAUTICS.—A vacancy has 
arisen for the Busk Studentship in Aeronautics for the 
year 1948-49, The studentship is of the value of 1651., 
and is tenable for one year from October 1, but a student 
may be re-appointed on the same terms for a second 
year. Itis open to any British man or woman who has 
not attained the age of 25 on October 1. The object 
of the studentship is to enable the holder to engage in 
research, or the preparation for research, in aeronautics, 
involving experimental as well as mathematical investi- 
gation. Forms of application for the studentship and 
further particulars may be obtained from Sir Melvill 
Jones, C.B.E., A.F.C., F.R.S., Professor of Aeronautical 
Engineering, Engineering Laboratory, Trumpington- 
street, Cambridge. Application forms, duly filled up, 
must be returned on or before June 1. 
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THE INSTITUTE OF 
METALS. 


(Concluded from page 341.) 


We deal below with the last paper presented at 
the final session of the annual meeting of the 
Institute of Metals, held on March 18. 


CoRROSION-RESISTANT ALUMINIUM-MAGNESIUM 
ALLoys. 


THE paper, entitled “Recent Developments in 
Corrosion-Resistant Aluminium-Magnesium Alloys,” 
was by Dr. P. Brenner, of the Royal Aircraft Estab- 
lishment, Farnborough, and Dr. W. Roth, of High 
Duty Alloys, Limited, Redditch, and described work 
carried out in the research laboratories of the 
Vereinigte Leichtmetall-Werke, Hanover. The paper 
was published with the sanction of the Ministry of 
Supply and was presented at the meeting by Dr. 
Brenner. The authors stated that the object of the 
investigation was to determine the influence of 
chemical composition and thermal treatment on 
the intercrystalline corrosion of aluminium-mag- 
nesium alloys containing 5 to 9 per cent. of magnes- 
jum. Asa result of the investigation, a new method 
of heat treatment, termed a “‘ stabilising treatment,” 
was suggested. In this, the alloy was cooled 
extremely slowly from the homogenising tempera- 
ture, at a rate of about 50 deg. C. per hour. The term 
homogenising, of course, implied heating the alloy 
so as to obtain a completely homogeneous solid 
solution. Corrosion tests in the laboratory and 
in the North Sea, as well as in long-term service 
trials, had indicated that alloys treated by this 
method were immune from intercrystalline-corrosion 
and stress-corrosion failure, even at the high tempera- 
tures encountered under tropical conditions. Cold 
reduction generally increased the tendency to inter- 
crystalline corrosion. Small additions of copper, 
manganese; chromium and zinc had very different 
effects ; some of these additions, copper, for example, 
reduced the stress-corrosion resistance in the homo- 
genised state and improved it in the aged condition. 
Another interesting fact was the considerable 
improvement in the stress-corrosion resistance of 
aluminium-magnesium alloys, in all conditions of 
heat-treatment and cold reduction, effected by 
additions of chromium instead of manganese. 
Further investigations on this problem appeared to 
be desirable. The research had indicated ¢learly 
that, in these alloys, there was a close correlation 
between the thermal treatment, the microstructure, 
and the susceptibility to intercrystalline corrosion 
and, especially, to stress-corrosion. 

Dr. F. A. Champion, in opening the discussion, 
stated that in deciding on the corrosion conditions 
to be adopted for most of the tests, the authors 
appeared to have paid more attention to rapidity 
of corrosion and to convenience than to representa- 
tion of service conditions. Thus, the solution 
mainly employed contained 3 per cent. of sodium 
chloride and 1 per cent. of hydrochloric acid. This, 
he believed, had been originally developed in this 
country by Dr. H. Sutton and his colleagues as a 
rapid, more or less qualitative, means of exploring 
the tendency for some aluminium alloys to show 
intercrystalline corrosion. This solution had a 
pH value of 0-9, and from his own experience such 
an acid solution, even for qualitative observations, 
must be used with caution. Quantitative observa- 
tions with the solution were unreliable. The authors 
had correlated the corrosion resistance and the 
structure of their alloys, but he was somewhat 
concerned because if some of the results were 
compared with the corresponding microphotographs, 
conclusions which were the converse of the theory 
put forward by the authors could apparently be 
drawn. These discrepancies, however, might be 
due to the unreliability of the particular accelerated 
corrosion test employed. 

Mr. E. J. Metcalfe stated that the metallographic 
examination and corrosion tests which the authors 
had carried out had established the close relationship 
existing between susceptibility to intercrystalline 
and stress corrosion of the aluminium-magnesium 
alloys and the presence of a grain-boundary precipi- 
tate. As far as their accelerated test was concerned, 








ite claimed that it had boon a useful check on 
material before distribution to the user. It should be 
remembered that they used it only for one type of 
alloy, namely, the aluminium-magnesium alloy, 
and it would be wrong to attempt.to use it for other 
aluminium alloys. There seemed to be quite a 
distinct difference between the meaning given to the 
term “stress corrosion” in this country and that 
adopted on the Continent. This matter was also 
referred to by the next speaker, Dr. A. G. Quarrell,. 
who emphasised that there was a great difference 
in the point of view regarding stress corrosion 
adopted in Germany and that adopted in this coun- 
try. Unless this were made clear, many erroneous 
conclusions might be drawn concerning the suscepti- 
bility of the aluminium-magnesium alloys to stress 
corrosion. 

Mr. A. J. Murphy said that he was concerned by 
the lead given in the paper to the adoption of a 
continuous film of precipitate in the grain bound- 
aries as the criterion for short life under stress corro- 
sion. He did not think that this was correct. 
With the 10 per cent. magnesium alloy, after a 
solution treatment at 430 deg. C., there were two 
alternative treatments. One was to quench the 
material in boiling water and the other to cool it 
very slowly in the furnace. The proof stress of the 
material quenched in boiling water was 11 tons per 
square inch, while that of the slowly-cooled specimen 
was about 8 tons per square inch. If the specimens 
were loaded at that stress and subjected to a con- 
tinuous sea-water spray, the slowly-cooled material 
broke in 12 hours, while the specimen 
survived for over 700 hours. The characteristic 
of the microstructure of the material quenched in 
boiling water was a relatively small amount of 
precipitate, certainly not continuous, in the grain 
boundary; in the slowly-cooled material there 
was also precipitate in isolated particles in the 
grain boundary, but in larger quantity. In view 
of results of this type, it was undesirable that 
the impression should be given that the presence or 
absence of the continuous film in the grain boundary 
was the criterion for satisfactory or unsatisfactory 
behaviour under stress. 

The last speaker, Mr. E. C. Perryman, said that, 
when using an acid solution such as that employed 
by the authors in work on the stress-corrosion 
properties of aluminium-magnesium alloys, it 
had always been found that considerable general 
corrosion took place, in addition to the stress 
corrosion. It was a pity, therefore, that the authors 
had not carried out corrosion tests on unstressed 
specimens alongside their stress-corrosion tests, 
so that a measure of the strength lost due to stress 
corrosion and of that lost due to ordinary general 
corrosion could be obtained. Throughout their 
paper, the authors had used time-to-failure as a 
criterion of the stress-corrosion susceptibility. This 
could sometimes lead to false conclusions. If two 
materials of widely different tensile strengths were 
taken and both attacked at the same rate, the 
stronger material, under the same conditions of 
stress and corrosion, would give the longer life, 
because a crack had to advance farther before the 
cross-sectional area was reduced sufficiently for the 
tensile strength of the material to be affected. 
With regard to precipitation at the grain boun- 
daries, observations seemed to indicate that this 
depended to a large extent on the degree of purity 
of the alloy under consideration. It might be that 
a variation in the rate of precipitation would 
explain the difference in the stress-corrosion resist- 
ance of the higher-purity and lower-purity alloys 
used by the authors. 

The authors intimated that they would reply to 
the discussion in writing. Votes of thanks to 
the Council of the Institution of Civil Engineers 
for the accommodation which they had afforded 
for the meeting, to the authors of the papers pre- 
sented, and to all others who had contributed to the 
success of the meeting, terminated the 
In the afternoon, visits were paid to the works of 
Messrs. A.P.V. Company, Limited, Wandsworth ; 
Enfield Rolling Mills, Limited, and Enfield Cables, 
Limited, Brimsdown ; High Duty Alloys, Limited, 
Slough ; Murex Limited, Rainham ; Murex Welding 
Processes, Limited, Waltham Cross; and J. Stone 
and Company, Limited, Chariton. 
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A novEt form of inductive potentiometer, which is 
known as Ipot, was shown by Messrs. Muirhead 
and Company, Limited, Elmers End, Beckenham, 
Kent. This instrument, an illustration of which 
appears in Fig. 7, was developed during the war 
for use in connection with the computators for 
fire control and associated purposes. It consists 
essentially of a Mu-metal ring on which a toroidal 
winding is carried. This winding is accurately 
spaced by means of a former, in which slots have 
been cut every } deg., and covers about 340 deg. 
of the core. The winding is of copper, which is 
suitably bared to provide a track for two contact 
arms. The first of these arms, which are fitted with 
carbon rollers mounted on castors, can be operated 
over the entire circumference, while the latter bears 
over 60 deg. only at one end. The virtue of the 
carbon is that it does not effectively short-circuit 
the turns, so that a voltage intermediate to that 
between successive turns is obtained. The second 
contact is used for scale adjustment, while the 
former is the main operating contact arm and can 
be employed on frequencies varying from 50 to 
2,000 cycles per second. In the case of the linear 
pattern of Ipot, the voltage, which is available from 
the mains contact arm, bears a linear relationship 
to the angle to which it is turned from the starting 
point of the winding, the accuracy being within one 
part in a thousand of the total voltage. If a voltage, 
which is not a linear function of the angle is required, 
a suitable spaced former is employed or, more 
usually, turns are omitted so as to effect the 
requisite grading. A ratio of slope from linear to 
about one-third or even one-quarter of the linear 
voltage is readily obtainable in this way. 

Linear Ipots can be used for straightforward 
multiplication by supplying the output from one, 
which is set to produce a voltage proportional to X, 
to energise the winding of a second. The setting 
of its contact arm to Y then gives an output of X Y 
from this second Ipot. Divisions and reciprocals 
can also be obtained, so long as the step-up ratio 
does not exceed 6 to 1; otherwise the first Ipot 
may be overloaded and lose precision. 

The same firm exhibited a number of examples 
of their Magslip m of remote control, such as 
was employed by the Admiralty on searchlights, 
predictors and fire-contro] tables. Essentially, each 
Magslip element comprises a stator and rotor as 
shown diagrammatically in Fig. 9, a view of the 
equipment itself being given in Fig. 8. In the 
majority of cases, the stators are similar in form 
and comprise an internally-slotted laminated iron 
ring with three sets of windings. These windings 
are arranged in slots at 120 deg., much in the same 
manner as on the stator of a three-phase induction 
motor. The rotor varies according to the purpose 
for which the Magslip is designed, the simplest form 
comprising an H-shaped iron core carrying a single 
winding. The basic transmission system consists of 
two such elements with their rotors energised from 
the same alternating-current supply and their 
stators connected as shown in the diagram. When 
the rotors of the two elements are in coincident 
angular positions, the currents induced in the stators 
are equal and no current will flow between them. 
If, however, the first rotor is displaced with 
to the second a current will be set up which will 
tend to restore coincidence. Distant indication of 
the position and movement of a mechanism can, 
therefore, be obtained, or power control of a remotely 
situated mechanism can be effected, from a directing 
position. Two or more mechanical movements can 
also be added and mechanisms controlled in accord- 
ance with the result. 

For instance, the resolution of electrical quantities 
into the sine and cosine functions of the angle 





through which the rotor is turned is made possible | to 


by the employment of the Resolver type of Magslip. 
In this apparatus, two windings placed at right 
angles to one another are embodied both in the 
stator and the rotor. Normally, one of the rotor 
windings is connected to a single-phase supply, 
while the other is short-circuited. Under these 
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conditions, the stator windings will yield voltages 
which will be the sine and cosine functions of the 
angle through which the rotor is turned. Magslip 
elements are normally operated from a 50-volt 
50-cycle supply, the current taken being about 
0-25 ampere and 0-5 ampere, respectively, for the 
2-in. and 3-in. models. For normal operation, 
speeds up to 1,000 r.p.m. may be used. 

A number of patterns of the small fixed con- 
densers, known as Ceramicons, were exhibited by 
Messrs. Erie Resistor, Limited, Carlisle-road, The 
Hyde, London, N.W.9. These consist essentially 
of a ceramic dielectric on to which plates of silver 
are fired at a very high temperature. The ceramic 
dielectric used is given any desired temperature 
coefficient of dielectric constant from + 120 x 10-* 
— 750 x 10-* per deg. C. by using different 
percentages of titanium dioxide. Although pri- 
marily designed for compensating frequency drift, 
these Ceramicons are equally suitable for such 
purposes as coupling condensers, particularly in 
plate-to-grid installations where high resistance is 





essential. They are available in a capacity range 
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from 1 to 1,100 micro-micro-farads, and down to a 
tolerance of + 1 per cent. or + 0-25 micro-micro- 
farads, whichever is the greater. A double-cup 
Ceramicon, which has been designed to meet the 
demand for a ceramic condenser that will carry 
appreciable current at a high voltage and will 
retain the advantage of a compact single-piece unit 
is illustrated in Figs. 10 and 11. As will be seen, the 
ceramic dielectric has a centre web, which is integral 
with the tubular casing, thus providing the neces- 
sary long creepage paths. The silver plates are 
fired on to the ceramic on each side of the web and 
are carried through without a break to the rim of 
each cup, thus greatly increasing the voltage at 
which corona occurs. The connections are made 
by silver-plated terminals which are soldered to the 
electrodes. As the web is sufficiently thick to 
prevent breakdown of the dielectric, adequate pro- 
tection against flashover at the rated voltage is 
ensured. The terminals are heavy enough to 
dissipate the internal heat and provide a 360 deg. 
contact, so that the current can fan out to the 
electrodes. The rating is 5 kVA and there are six 
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standard capacities ranging from 2 to 100 micro- 
micro-farads. 

A larger unit, suitable for industrial heating 
equipment, was also exhibited and is illustrated in 
Fig. 12. This weighs 2} Ib. and consists of two 
silvered ceramic discs, which are compressed with 
copper wool pads against a centre terminal con- 
sisting of three circumferential heat-radiating fins. 
To ensure shielding against corona, each disc is 
flat on one side and concave on the other. Compres- 
sion is produced by three posts which extend through 
the end plates that serve as an earth electrode. 
All the plates and posts are of brass plated with 
silver, and the discs are of silicone, impregnated 
to increase the resistance to moisture. Tests on 
these units, which were conducted at 15 megacycles 
per second in an ambient temperature of 25 deg. C., 
indicated good , With a temperature rise 
of 50 deg. C. at loads of over 20 kVA. With forced 
air cooling the temperature rise was only 20 deg. C. 
with a load of 50 kVA. The maximum operating 
temperature for the dielectric is 85 deg. C. Owing 
to its low series inductance this capacitor is suitable 
for high-frequency by-passing, while, owing to its 
high current capacity, it can also be employed as a 
transmitter aerial coupling. 

In accordance with the practice started last year, 
the Cambridge Instrument Company, Limited, 13, 
Grosvenor- . London, 8.W.1, confined their 
exhibits to one class of products, instruments 
embodying physical principles in chemical measure- 
ment and gas analysis being selected on this occa- 
sion. Among the apparatus shown mention may be 
made of the magnetic oxygen recorder, the operation 
of which depends on the change of the paramagnet- 
ism of oxygen with temperature. The gas to be 
measured flows across the ends of a small tube, half 
of which is in a strong magnetic field. The centre 
portion of the tube is heated by a centre-tapped 
platinum resistance which also forms two arms of a 
Wheatstone bridge. If the gas contains oxygen a 
flow is set up in the tube which causes a relative 
change in the resistances. This change throws the 
bridge out of balance and is electrically recorded 
as the oxygen content. The instrument was de- 
monstrated at the exhibition, operating both as an 
indicator and recorder, with a range of 0 to 5 per 
cent. Oxygen in nitrogen. 

The presence of dissolved oxygen in the feed 
water is largely responsible for the corrosion of 
boilers, and even when de-aerating plant is 
employed it is possible for the water to pick up 
oxygen on its way to the boiler. It is therefore 
desirable to measure the oxygen content of the water 
entering the boiler. At the very low concentrations 
involved, however, chemical tests are largely 
dependent on the skill of the operator, while any 
system of spot checks involves the risks of leaks 
and other defects causing increases in the oxygen 
to occur for some time without detection. To ovet- 
come this, the Cambridge Instrument Company have 
designed an apparatus which, it is claimed, gives 
an accurate and continuous record of the amount 
of oxygen dissolved. This operates on the thermal- 
conductivity principle and embodies a katharo- 
meter. A small quantity of the feed water is 
passed at a constant rate through a tube, where it is 
“scrubbed ” by hydrogen gas, thus removing the 
dissolved air (of which oxygen forms a definite 
percentage) from the water. The resultant gas 
mixture diffuses to one cell of the katharometer, 
the other cell being exposed to pure oxygen. The 
recorder is calibrated in terms of cubic centimetres 
of oxygen per litre of water. The sensitivity is such 
that a change of 0-01 cub. cm. of dissolved oxygen 
per litre will give a deflection of about 3 mm. on a 
chart. The current for operation can be obtained 
either from a battery or from the supply mains. 

A millisecond meter, known as the Chronotron, 
exhibited by Electronic Instruments, Limited, 
17, Paradise-road, Richmond, Surrey, is a self- 
contained direct-reading instrument designed for 
the measurement of time intervals between 0-1 
and 10,000 milliseconds. It is intended for such 
uses as timing projectiles, echoes and the operating 
times of relays, fuses and switchgear. It is made 
in two models, one of which has six ranges between 
0 and 1,000 milliseconds and the other a similar 
number of ranges between 0 and 10,000 milli- 


seconds. The accuracy is + 1 per cent. of the full 
scale on the higher ranges and + 2 per cent. on the 
lower ranges. The principle on which this instru- 
ment works is a variant of the well-known con- 
denser-resistance timing circuit. The incoming 
control signal closes a constant-current timing 
circuit which is opened by a second incoming signal. 
At the conclusion of the timing operation, the tim- 
ing condenser is electronically isolated and the 
voltage across it is automatically indicated by a 
valve-voltmeter calibrated in time units, The 
fundamental standard of reference is a bank of 
accurately adjusted resistors. The meter scale is 
linear and leakage from the timing circuits has 
been eliminated, so that ample time is provided 
for reading the indications. A safety circuit 
protects the meter from damage if the time taken 
exceeds the maximum of the range in use. The 
precision timing condenser ix particularly highly 
insulated and is aged over several temperature 
cycles for more than two weeks to ensure per- 
manent stability. The seven valves used are all 
standard types and the power supply is stabilised, 
80 that within wide limits it is independent of varia- 
tions in the mains voltage and frequency. 

Among the instruments exhibited by Messrs. H. 
Tinsley and Company, Limited, Werndee Hall. 
South Norwood, London, 8.E.25, most interest 
attaches to the alternating-current stabiliser which 
has been designed by Dr. G. N. Patchett. The object 
of this instrument, is to provide a voltage with a 
stability of better than + 0-1 per cent., and a 
total harmonic distortion not exceeding 4 per cent., 
so as to give the high purity of wave form which is 
essential for precision alternating-current measure- 
ments, such as potentiometry. In effect the stabi- 
liser is a simple control system consisting of an 
indicator, an amplifier and a controller. The indi- 
cator may be described as a voltage-sensitive bridge 
incorporating “‘ Thermistors” which are compen- 
sated to be free from temperature effects. The 
amplifier which is supplied from this bridge is of the 
multi-stage type and is provided with filters to elimi- 
nate harmonics. The output of the amplifier feeds 
push-pull control valves, which supply the primary 
of the control transformer, the secondary of the 
latter being in series with the supply. A two-valve 
protective circuit, in which trips are incorporated, 
ensures that the stabiliser is cut out when the input 
voltages exceed certain specified limits. To ensure 
maximum protection, fuses and surge-limiting 
devices are also provided. We understand that 
the instrument is extremely simple in operation 
and requires no adjustments in setting up, other 
than the selection of the output voltage. It has a 
long-term stabilisation ratio of 1,000 to 1 and a 
transient ratio of 100to 1. On normal supply mains, 
therefore, an output stability of about 1 in 10,000 
can be obtained. The total harmonic distortion 
appears to be less than 2 per cent. The output 
voltage can be varied over a range of about 210 to 
250 volts, the voltage input then being the voltage 
output + 10 per cent. If the input voltage falls 
outside this range, the stabiliser will be overloaded, 
the protective devices come into action and warning 
lights are shown. Although the supply is not 
disconnected, the stabilising action ceases and the 
instrument must be reset either automatically or 
manually by push button. Two current ranges 
from 0 to 1 ampere and 0 to 2 amperes at 230 volts 
are available. On the first of these, the stabilisa- 
tion is + 10 per cent. of the change in input volts, 
and on the second + 5 per cent. of that change. 
The apparatus will give an output up to 1 kVA at any 
power factor with a stability of 1 part in 1,000 and a 
harmonic content not exceeding 1 per cent. The 
effective stabilisation ratio is 1,000 to 1 and the 
internal impedance is less than 0-01 ohm. It is 
claimed that temperature drift and sensitivity to 
vibration which have frequently been present in 
previous alternating-current stabilisers, have been 
eliminated and that the accuracy has only been 
attainable previously by employing stabilised 
rotary machines. 

Most temperature-control instruments produce a 
cycle of definite frequency and amplitude in the 
region of the controlling thermocouple. This 
amplitude is due to several causes, among which is 








the inevitable time lag between the source of heat 


input and the response of the controlling thermo- 
couple, the ratio between the heat input and the 
furnace demands, thermal capacity and transfer 

. These influences combine to produce a charac- 
teristic “‘ hunting” cycle at any particular control 
temperature. In order to reduce the amplitude of 
this cycle to a negligible value, the Foster Instru- 
ment Company, Limited, Letchworth, have deve- 
loped a suppressor consisting of an auxiliary thermo- 
couple which is connected in series with the control 
thermocouple and indirectly heated by an element 
in the control unit. This heater is energised from 
an indicating automatic temperature controller, in 
conjunction with which it works whenever heat is 
being supplied to the furnace. As the electromotive 
force generated by the auxiliary thermocouple is 
added to that of the control thermocouple, the tem- 
perature indicated by the control instrument is 
somewhat higher than the actual temperature of the 
control thermocouple. On reaching the control set- 
ting the control switch will therefore open, thus 
cutting off the heat both to the furnace and the 
auxiliary heater. Owing to the small therm. inertia 
of the auxiliary couple it will cool very rapidly and 
the resulting loss of electromotive force will cause the 
instrument pointer to give a lower reading. The 
furnace is therefore switched on again together with 
the auxiliary heater element. At the exhibition, 
the application of this suppressor to the control 
of the temperature of a small electric furnace was 
shown in conjunction with an automatic tempera- 
ture controller. 

The vibrograph shown by Messrs. Kelvin, Bot- 
tomley and Baird, Limited, Basingstoke, has been 
primarily designed to record aircraft vibrations, 
although we understand it is now finding employ- 
ment in the industrial field. It consists essen- 
tially of a heavy body which acts as a seismic 
mass. This body carries a spring-loaded plunger 
or push rod, through which the vibrations present 
are accurately conveyed to the mechanism when 
the body is pressed against the part to be tested. 
The push rod is mechanically coupled to a stylus 
which moves over waxed paper tape. The result 
is that aclear coloured line is scratched through the 
waxed surface of the tape on to the paper below. 
The waxed paper is moved at a constant speed by a 
governed clockwork motor, which is stopped and 
started by a trigger on the front of the case. A 
second stylus is provided, which traces a separate 
record along the edge of the paper strip. This 
stylus is operated by a solenoid which is energised 
from a 1}-volt battery. A small switch in the 
solenoid circuit is closed automatically once per 
revolution of the main spindle, thus deflecting the 
secondary stylus and recording a mark every half 
second. The mechanism records vibrations with a 
magnification factor of about six, the exact figure 
being determined in the laboratory for each instru- 
ment and being engraved on a metal label. The 
frequency of vibrations is found by counting the 
number of cycles recorded between two time-base 
marks on the strip. The nature of the vibration 
can be determined from the shape of the markings. 
The usefulness of the instrument can be extended 
by fitting a reduction mechanism over the nosepiece. 
This mechanism has two settings giving a 3 to 1 
and 6 to 1 reduction, respectively. 

During the course of the exhibition, which closed 
on Friday, April 9, discourses on “‘ Low Temperature 
Physics” were given by Mr. K. Mendelssohn ; on 
‘** Studio Acoustics,” by Mr. H. L. Kirke; and on 
“The Reflecting Microscope,” by Mr. C. R. Burch. 
A film illustrating the present position of atomic 
physics and another entitled “Physics and the 
Film,” were also shown. This second film, which 
was exhibited by the British Kinematograph 
Society, 2, Dean-street, London, W.1, was intended 
to indicate how faults occur both in the pictures 
and the sound track owing to the neglect of funda- 
mental physical and mechanical principles. 





THE SASSNITZ-TRELLEBORG TRAIN-FERRY SERVICE.— 
The train-ferry service across the Baltic Sea between 
Sassnitz, on the North-German Coast, and Trelleborg, 
near Malmé, in Sweden, is to be resumed after interrup- 
tion due to the war. For many years past, the ferry 
has been largely used by passengers from this country to 





Stockholm and other Swedish towns. 
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HIGH-ACCELERATION CONTROLLER 
FOR ELECTRIC TRACTION. 

Ox electrically-operated railways with comparatively 
long distances tween the stops, the average speed 
of the trains is not appreciably increased by the use of 
high rates of acceleration. It would probably be 
uneconomical to utilise a rate of acceleration higher 
than the 0-5 m.p.h. per second employed for express 
trains on the Southern Railway, owing to the increased 
complication and consequently greater cost that would 
result. Similarly, there is an economic limit to the 
rate of deceleration when electric braking is employed. 
As the distance between stops diminishes, however, the 
duration of the acceleration and deceleration periods 
has an increasing effect on the average speed. On light 
railways and tramways, therefore, it may be advan- 
tageous to make these periods shorter than is at 

t common by using ——- which gives 
high rates of entiliantlan and deceleration. From the 
engineering ~~ of view, the limit to these rates is 
determined by the rail adhesion, but on a well main- 
tained track this may allow values as high as 7 m.p.h. 
per second to be used, compared with the 1 m.p.h. 
per second employed on the suburban lines of the 
Southern Railway. To use such a rate, however, 
would be impossible in practice, since, apart from 
the difficulty of supplying the necessary tractive 
power, intolerable conditions would be created for the 
— owing to the jerks which occur when using 
control schemes with comparatively large steps in the 
variable resistance. The jerky acceleration would also 
im severe stresses on the traction unit. 

new method of control, together with the necessary 
equipment, has therefore been developed jointly by 
Messrs. Crompton Parkinson, Limited, Astor House, 
Aldwych, London, W.C.2, and Messrs. Allen West, 
Limited, Brighton, to give higher rates of acceleration 
than those usually employed, combined with greater 
smoothness, and thus to meet the demand for better 
performance on tramways and light railways. The 
equipment, which is known as Vambac (variable auto- 
matic multi-notch braking, acceleration and control), 
differs from conventional practice in that series-parallel 
control of the motors is not employed. Moreover, 
some 90 control steps or notches are available, instead 
of the dozen or so which are provided on normal 
systems. Four traction motors are used on each car, 
and are ently connected in pairs in series, so 
that each can be designed for only the line voltage. 
This enables single-turn armature windings to be used, 
so that the coil construction is simplified and a higher 
output is obtainable for a given frame size. Commu- 
tation is also easier, so that maximum stability is 
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obtainable under over-voltage conditions, especially 

during braking. The operational advantage resulting 
from the use of a large number of control steps during 
acceleration and braking is that current peaks are 
practically eliminated. The consequent smoothness in 
the speed changes therefore allows accelerations in the 
region of 3-5 m.p.h. per second to be employed ; the 
current during the initial period of acceleration is also 
~ ractically constant. This is indicated by the straight- 

e portion of the current-time curve a in 

Fig. 3, on the opposite page diagram also 
shows the typical performance of a tramcar equipped 
with the Vambac system. In this case, the distance of 
the run was 880 ft., the schedule speed 16 m.p.h., and 
the stopping time 7 seconds. 

Although the acceleration is automatic when this 
system is used, the actual rate can be chosen by a 
pre-selection controller which is operated by a handle 
or pedal. The rate of deceleration can also be varied 
to correspond with the rate of acceleration. It is 
claimed that, owing to the range of rates of acceleration 
and deceleration that are available, the Vambac 
equipment. is particularly suitable for new cars which 
have to operate on the same system as old cars of 
inferior performance. On congested city routes, for 
instance, the new cars can be run at the same scheduled 
speed as the old, while on suburban and country 
routes the rate can be increased simply by adjusting the 
controller. As there is a corresponding reduction in 
energy consumption when operating at lower speeds, 
there is no loss in efficiency if this procedure is 
adopted. 

A simplified diagram of the be og my 4 control system 
under starting conditions is given in Fig. 4, opposite. 
The two pairs of motors a and 6 are connected in 
series with the resistors c and d and in parallel with 
the variable starting resistor e, which is known as the 
accelerator. As will also be seen, the main field wimd- 
ings f and g of the motors are paralleled by diverting 
resistances, so that the tractive effort is smooth] 
increased and transmission snatch eliminated. Immedi- 
ately after starting, both the resistors c and d and the 
diverters are disconnected and the starting resistance is 
cut out so that both pairs of motors are directly 
connected to the line, as shown in Fig. 5. At this 
stage acceleration continues, without further move- 
ment of the controller, at a rate which is determined 
by the inherent characteristics of the motors. These 
characteristics are shown in Fig. 6, opposite, in which 
curve a represents the horse-power and curves b and ¢ 
the tractive efforts at full and 47 per cent. field strength, 
respectively. The speed is indicated in curve d and 
the efficiency through the gearing in curve e. Each 
motor has an output of 45 h.p. at the one-hour rating, 
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and of 38 h.p. continuously. Acceleration up to full 
speed is obtained by diverting the motor fields. 
Braking is effected rheostatically at a rate which is 
under the control of the driver, the rate of deceleration 
being automatically maintained constant at a pre- 
selected value over a range which extends down to 
4 m.p.h. A diagram of the braking system is given 
in Fig. 7, opposite, from which it will be seen that the 
two resistors c and d are connected to the ends of the 
accelerator e¢ opposite to those used when motoring. 
If high braking rates are required, the braking current 
may be circulated through the track magnets. Friction 
brakes are provided to sto ) the vehicle when the speed 
falls below 4 m.p.h. A crawling speed for moving in the 
depot can be obtained by leaving the resistors ¢ and ¢ 
in circuit and arranging for the accelerator to cut out 
the starting resistance at a reduced rate. The speed 
is further limited by keeping the motors on full field. 
An illustration of the accelerator, which forms the 
central feature of the control scheme, is given in Fig. 1. 
on this page. It consists of a number of resistance 
elements which are arranged round the periphery of a 
circular steel frame. Tappings are brought out from 
each element and are connected to studs. Contact is 
made with these studs by spring-loaded fingers, which 
are actuated by permanent magnets. These magnets 
are carried on a rotating arm which is driven through 
gearing by a pilot motor. Each contact finger, when 
brought into contact with a stud by the magnets, 
cuts out of circuit one step of the main resistance. The 
rate at which the arm rotates therefore determines the 
rate at which resistance is cut out, and thus the rate of 
acceleration. It follows that the rate of acceleration 
can be altered by adjusting the speed of the pilot motor, 
an operation which is effected by the driver through the 
pre-selection lever. The field of the pilot motor is 
permanently ane = S a constant value, while the 
armature is su independently from the vehicle 
battery throu, ug cx reversible potentiometer. As the 
lot motor depends on the voltage applied 
to its armature by the potentiometer, it can be varied 
by adjusting the setting of the latter. It can also 
be reversed by reversing the connections of the 
potentiometer. The rate of acceleration will depend 
upon the setting of the pre-selection lever. The poten- 
tiometer, however, is also controlled simultaneously 
by the accelerating relay, which is operated by a force 
ag Seem tothe maincurrent. This force is obtained 
y energising the relay coil by the voltage drop across 
the series field of one of the motors, as shown at g in 
Fig. 8, and, when required, of a small additional 
resistance. 
As also shown in Fig. 8, the plunger of the accelerating 
relay a is coupled through a link system f to the poten- 
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HIGH-ACCELERATION CONTROLLER FOR ELECTRIC TRACTION. 
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tiometer b. The link, in turn, is connected through a 
spring to the controller. Any movement of the potenti- 
ometer contacts by the accelerating relay is — by 
this spring, the force exerted by which, in relation to 
that produced by the coil, determines the position the 
contacts will assume for given conditions. When, 
during the initial accelerating period, the controller is 
moved from one position to another, the tension of the 
spring is altered. The equilibrium of the system, with 
a given current through the accelerating relay, is there- 
fore disturbed and the potentiometer contacts are 
adjusted accordingly. This adjustment, in turn, varies 
the voltage applied to the armature of the pilot motor e¢, 
and thus the speed of the accelerator arm. Consequently 
the rate at which the resistance is cut out and the 
current through the main motors are also varied until 
values are reached at which the equilibrium of the link 
system is restored by the accelerating relay. 

For example, if, while the vehicle is being accelerated 
at a given rate, the controller is moved to obtain an 
increased rate before the balancing Fwy has been 
reached, the arm of the accelerator will be rotated at 
an increased s in the direction which will decrease 
the amount of resistance in circuit. The arm of the 
accelerator will then continue to rotate at this higher 
speed and so long as the value of the main current 
enables the relay to balance the action of the spring, the 
potentiometer contacts will remain in their new posi- 
tions. The voltage on the pilot motor, and the speed at 
which the arm of the accelerator rotates, are thus 
maintained constant at their new values. 

The rate of acceleration is regulated automatically 
by the accelerating relay for a given controller setting. 
Constant-current acceleration is thus ensured under all 
conditions, any tendency for the current to vary being 
counteracted by adjusting the rate of acceleration. 
If, for example, the vehicle is accelerating up a gradient, 
the current tends to increase and must be reduced to 
the pre-determined value by automatically decreasing 
the rate of acceleration. In practice, this causes the 
accelerating relay to move the potentiometer contacts 
to & new position, thus reducing the rate of rotation 
of the accelerator arm and consequently main- 
taining the current at the predetermined value. If 
the current is maintained constant, the rate of accelera- 
tion will be reduced on gradients, but, if operating 
conditions permit, can be increased by adjusting 
the controller. The advantage of maintaining the 
current constant on gradients is that excessive stresses 
on the traction unit (such as might arise if the current 
were allowed to increase automatically to attain the 
rate of acceleration corresponding to the setting of the 
controller) are eliminated. In addition to cutting out 
the starting resistance, the rotation of the accelerator 
arms also operates a number of small interlock contacts, 
which control contactors for various purposes. 

The master controller, reverser and accelerating 
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relay form a complete unit, illustrated in Fig. 2, on the 
opposite page. A lever for the emergency brake is also 
ee By When the drive is single-ended, a small 
= -up” controller of the drum type is mounted at 
the rear of the vehicle, in addition to the main control 
unit. This “ back-up ” controller enables the vehicle to 
be driven at a limited maximum speed with a low rate 
of acceleration. Where double-ended drive is required, 
a second master controller is fitted instead of the 
“ back-up” controller. The remaining control equip- 
ment includes two circuit breakers, as well as contactor 
panels and the usual auxiliaries. The operating coils 
are supplied from a 36-volt battery, so that control is 
independent of the supply from the line. If required, 
however, the coils can energised from the main 


supply. 

mh traction motors used with the Vambac control 
system have a rating of 45 h.p. at 275 volts and weigh 
only 660 lb. The frames are of welded cylindrical form, 
with four main and four interpoles, and ventilation is 
rallel-flow fan. Class B insulation is 

ings and both the armature and field 

coils are Bakelised. The armature windings and over- 
hangs are completely shrouded to eliminate pockets 
in which dust might accumulate. 

The curves reproduced in Fig. 3, to which reference 
has been made already, relate to a single-deck bogie 
car weighing 16} tons, with a tractive resistance of 
315 Ib. at 20 m.p.h., and 495 lb. at 30 m.p.h. The 
running schedule is 16 m.p.h., with six stops off seconds 
per mile, to achieve which an initial rate of acceleration 
of 3-5 m.p.h. per second is ni , while the rate of 
braking is 4 in per second. The electricity con- 
sumption is 3-8 kWh per car mile. 

e understand that Vambac equipment has been 
installed on cars of the Blackpool Corporation Transport 
Department by Mr. W. Luff, with satisfactory results, 
and that a double-deck car incorporating the equipment 
has undergone preliminary trials at Glasgow. 





SHEFFIELD TRAMWAYS.—The Ministry of Transport 
have granted permission to the Sheffield Corporation 
Transport Department to borrow a sum exceeding 


200,0002. for the purchase of 35 tramway cars. These 
will replace cars acquired from Bradford and New- 
castle and other vehicles which have been in service 
for a long time. 


Fig. 5. 
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(92104) “ENGINEERING” 
2-8-2 LOCOMOTIVES FOR 
TANGANYIKA. 
Srx 2-8-2 locomotives have been designed and built 


by Messrs. W. G. Bagnall, Limited, Castle 
Works, Stafford, to the requirements of the 
Crown ts for the Colonies, acting on behalf of the 
Tanganyika Government Railways. In accordance 
with long-established practice, the locomotives have 
been built to allow their present gauge of 1 m. to be 
readily increased to 3 ft. 6 in., when the time is propi- 
tious for this change in Tanganyika and elsewhere in 
South and East Africa. The maximum axle load 
allowed on the coupled wheels was 10 tons, and the 
locomotives have been designed to negotiate a minimum 
radius of curvature of 330 ft. and a gradient of 1 in 45. 
The tractive effort, at 85 per cent. of the boiler pressure, 
is 23,651 lb. A photograph of one of the engines is 
reproduced in Fig. 1, on page 372, and an outline 
drawing showing the principal dimensions and weights 
is given in Fig. 2, on the same page. 

The boiler is provided with a wide firebox over the 
trailing truck, and a comparatively large area of grate 
—27 sq. ft.—for burning wood or coal. The outside 
diameter of the front section of the barrel is 4 ft. 62 in., 
the distance between the tube plates is 15 ft. 54 in., 
and the length of the firebox is 9 ft. 1 in. The inside 
firebox and the stays are of copper. The ome 
pressure is 180 lb. per square inch. There are 10 
small tubes, 2-in. outside diameter, and 21 super- 
heater-flue tubes, 5} in. outside diameter, providing & 
tube heating surface of 1,271-5 sq. ft. A “ Melesco” 
multiple-valve regulator-type superheater, made by 
the Superheater Company, Limited, is fitted in the 
smokebox, and is provided with 21 elements, having a 
surface area of 320-5 sq. ft. With 139 sq. ft. for the 
area of the firebox, the combined heating surface is 
therefore 1,731 sq. ft. The ratio of the evaporative 
heating surface to the grate area is 52-2 to 1; and the 
ratio of the firebox heating surface to the grate area is 
5-1tol. Two regulator handles are arranged on @ cross 
shaft, to enable the driver to work on either side of the 
footplate. Steam for the brake ejector, steam-brake, 
injectors, turbo-generator, etc., is taken from @ steam 
stand. An injector to accept water at 115 deg. F., 
fitted under the left-hand side of the footplate, delivers 
to a top feed. A Weir single-cylinder feed pump is also 
fitted, on the right-hand side of the engine, and pumps 
water through a feed-water heater to the top feed. 
Two 3-in. Ross safety valves are mounted on the firebox. 
The smokebox has an arrangement of deflector and 
perforated plates which form a spark arrester, and the 
ash is provided with two bottom doors controlled 
by a lever in the cab. 


recently 





The diameter of the two outside cylinders is 17 in., 
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and the piston stroke is 23 in. The third pair of 
coupled wheels is driven by the connecting rods, and 
the piston valves are actuated by outside Walschaerts 
gear. The coupled wheels are 3 ft. 7 in. in diameter, 
and the leading- and trailing-truck wheels are 2 ft. 4} in. 
in diameter. e main-frame plates are | in. thick, with 
cast-steel cross stays, and, behind the rear coupled 
wheels, they are attached to a substantial ribbed 
casting, which is splayed outwards around the front 
corners of the firebox and attached to short {-in. frame 
plates on each side. Both the front and rear trucks 
are fitted with Timken roller bearings. The engine 
wheels are compensated in three groups: the front 
truck and leading cou wheels; the two pairs of 
intermediate coupled wheels; and the trailing coupled 
wheels and hind truck. Mechanical lubrication is 
applied to the — axleboxes, hydrostatic lubri- 
cation is applied to the cylinders, and syphon lubrication 
to connecting rods, coupling rods and motion parts. 
A combined vacuum-ejector and steam-brake valve 
is fitted, the former for the tender and train brakes, 
and the latter for the engine brakes. The tender is 
also fitted with a hand brake. To allow the gauge of 
the locomotive to be increased, as already mentioned, 
the wheel centres have been made specially deep, as 
can be seen in Fig. 1. After removing the old tyres, the 
wheel centres will be re-turned, and new tyres to suit 
3 ft. 6 in. gauge fitted. The brake gear has also been 
designed to facilitate a change of gauge: the brake 
hangers can be transposed to change the width, and no 
new parts will be required. Jones-Watson couplers 
are fitted to the locomotive and ténder at present, 
but the buffer beams have been designed to allow 
American-type couplers to be fitted. 

The electrical equipment, supplied by Messrs. J. 
, Stone and Company, Limited, includes a 500-watt 
turbo-generator which supplies current at 24 volts to 
two 14-in. diameter “'Tonum E” headlights, one on 
the smokebox and the other in a recess in the back of 
the tender. Four lights are fitted under the platform 
on each side of the engine, to illuminate the motion, 
trucks, etc. The usual gauge, lubricator, cab, bunker, 
and marker lights are also fitted. The tender has eight 
wheels, 2 ft. 9} in. in diameter; it holds 4,200 gallons 
of water, and has a maximum capacity for wood fuel, 
up to the limit of the rack, of 530 cub. ft. (250 cub. ft. 
up to the top of the plates, if coal is in use, an addi- 
tional 280 cub. ft. being provided by the rack). The 
total weight of the engine and tender in working order 
is 98 tons 4 cwt., the adhesive weight is 39 tons, and 
the adhesion ratio is 3-7 tol. The width of the engine, 
over the platforms, is 9 ft., and the width of the cab is 
8 ft.64in. The other principal dimensions and weights 
are shown in Fig. 2. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “ FEDERICO SCHWAGER.”’—Single-screw vessel for 
the carriage of coal or iron ore, built by Messrs. William 
Gray and Company, Limited, West Hartlepool, for the 
Compafiia Carbonifera y de Fundicién Schwager, Val- 
Paraiso. Main dimensions: 440 ft. 6 in. by 57 ft. 10 in. 
by 32 ft. 6 in. to upper deck; deadweight capacity, 
9,340 tons on a draught of 25 ft.4in. Steam reciprocat- 
ing engine supplied and installed by Messrs. George Clark 
(1938), Limited, Southwick Engine Works, Sunderland, 
with three multitubular boilers designed to burn Chilean 
coal, developing 1,770 indicated horse-power and giving 
@ service speed of 10} knots. Trial trip, March 19. 

M.S. “ LEINSTER.”—Twin-screw cross-channel vessel 
having accommodation for 225 first-class and 107 third- 
class passengers. Built and engined by Messrs. Harland 
and Wolff, Limited, Queen’s Island, Belfast, for the 
Dublin-Liverpool service of the British and Irish Steam 
Packet Company, Limited, North Wall, Dublin, C.10. 
Main dimensions: 367 ft. by 50 ft. by 19 ft.; gross 
tonnage, about 4,000. Two Harland-B. and W. ten- 
cylinder two-cycle trunk-type airless-injection Diesel 
engines. Trial trip, March 23 and 24. 

M.S. “ OaTFORD.”—Single-screw vessel for the carriage 
of coal, built by Messrs. S. P. Austin and Son, Limited, 
Wear Dock Yard, Sunderland, to the order of the South 
Metropolitan Gas Company, Old Kent-road, London, 
S.E.15. Main dimensions: 304 ft. by 44 ft. 3 in. by 
21 ft. 44 in.; deadweight capacity, about 4,170 tons on a 
mean summer draught of 19 ft. 24 in. Six-cylinder 
vertical four-cycle marine Diesel engine, by Messrs. 
Ruston and Hornsby, Limited, Lincoln, coupled to a 
S.L.M. oil-operated reverse-reduction marine gear, 
supplied by Messrs. Modern Wheel Drive Limited, Ches- 
ham, Buckinghamshire, producing 1,460 brake horse- 
power. Service speed, 10} knots. Launch, April 8. 

8.8. “ COLEFORD.”—Single-screw collier, built by 
Messrs. 8. P. Austin and Son, Limited, Wear Dock 
Yard, Sunderland, for Messrs. Coastwise Colliers, Limited, 
Lime-street, London, E.0.3. Main dimensions, 317 ft. 
6 in. by 44 ft. 6 in. by 22 ft. 1 in.; deadweight capacity, 
4,350 tons. Triple-expansion engines supplied and 
installed by Messrs. North Eastern Marine Engineering 
Company (1938), Limited, Sunderland, to give a service 
speed of 10 knots. Trial trip, April 9. 





BRITISH STANDARD 
SPECIFICATIONS. 
Tue following 
have been issued 24 
Copies are obtaina 


blications of engineering interest 
the British Standards Institution. 
from the Publications Depart- 


ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 

Carbon-Molybdenum Steel Castings.—A series of 
for steel castings for high-temperature 


specifications 
and pressure service is being prepared under the 
authority of the Iron and Steel Industry Standards 
Committee of the Institution. A  recently-issued 
specification in this series, B.S. No. 1398, covers carbon- 
molybdenum steel castings for general engineering 
purposes, in which the castings are to be subject to 
stress at elevated temperatures. The chemical compo- 
sition of the steel is specified, and recommended heat- 
treatment procedures are given. The stipulated test 
requirements relate to tensile and bend tests, and 
vision is made for radiographic examination and 
ydraulic testing where these are appropriate. More- 
over, details ing the provision of test samples, 
testing facilities and repairs to castings are given. A 
code in which welding principles and technique are 
outlined is included in an appendix. [Price 2s., 
postage included. ] 
Picks and Mattocks.—The detailed dimensions of 
eight implements, of the types known as picks, beater 
icks and mattocks, are given in a new specification, 
.S. No. 1421. The eight implements are sub-divided 
into 28 weights and sizes and comprise: navvy picks 
with chisel and point, and double-point ends; beater 
picks with _— and fishtail, and point and T-ends ; 
and mattocks with point and mattock, cutter and mat- 
tock, and chisel and axe ends. Mattocks are dealt 
with in the specification because they constitute an 
implement allied to picks. They are used mainly for 
cultivation overseas and are exported in large quan- 
tities. The variety and choice of picks and beater picks 
afforded by the specification, it is considered, should 
suffice for all normal usage by contractors, railways, 
and municipal and other authorities. One important 
feature of the specification is that, for the first time, 
the eyes of these implements have been standardised, 
thus facilitating manufacture for stock and the separate 
purchase of the helves, the requirement and fit of 
which are specified. In addition, the specification 
deals with the quality of the steel, the tolerances on 
the dimensions laid down, and workshop hardness 
and other tests. It is stated that the specification 
has the approval of the bulk of users of such imple- 
ments as well as of the Edge Tool Manufacturers’ 
Association. [Price 2s., postage included. ] 





BOOKS RECEIVED. 


The Law of Trade Unions. By H. SamMvueis. Third 
edition. Stevens and Sons, Limited, 119 and 120, 
Chancery-lane, London, W.C.2. [Price 6s. net.] 

Forest Research Institute, Dehra Dun, United Provinces. 
Indian Forest Bulletin No. 128. Report on the Dis- 
coloration of Bleached Bamboo and Grass Pulps During 
Storage. By M. P. Brarcava and P. C. BaTRa. 
(Price 5 annas or 6d.) No. 129. Bamboo for Pulp and 
Paper Manufacture. PartsI to III. By M. PB. BHar- 
Gava. [Price 9 annas or 19d.] The Director, Forest 
Research Institute, Dehra Dun, United Provinces. 

Self Training for Industrial Designers. By JOHN GLOAG. 
George Allen and Unwin, Limited, Ruskin House, 
40, Museum-street, London, W.C.1. [Price 8s. 6d. net.) 

An Introduction to Filmstrips. By H. R. and I. W. 
Dance. George G. Harrap and Company, Limited, 
182, High Holborn, London, W.C.1. [Price 2s. 6d. 
net.) 

Dynamics. By 8S. L. GREEN. University Tutorial 
Press, Limited, Clifton House, Euston-road, London, 
N.W.1. [Price 10s. 6d.) 

Lubrication Vade Mecum. By E. W. STetniTz. Leonard 
Hill Limited, 17, Stratford-place, London, W.1. 
[Price 2s. 6d.] 

Planning Industrial Structures. By PROFESSOR CLARENCE 
W. DunaaM. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 6 dols.) McGraw-Hill Publishing Oompany, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 36s.] 

Transactions of the Liverpool Engineering Society. Volume 
LXVIII. Seventy-Third Session. Edited by E. B. 
OCoLtE and J. CaRLIsteE. The Secretary, Liverpool 
Engineering Society, 9, The Temple, 24, Dale-street, 
Liverpool. 

Transactions of the American Society of Civil Engineers. 
Volume 112. 1947. The Secretary, The American 
Society of Civil Engineers, 33, West 39th-street, 
New York 18, U.S.A. 

Railways to Cambridge: Actual and Proposed. Loco- 
motion Paper No. 2. By REGINALD B. FELLOWS. 
The Oakwood Press, “‘ Tanglewood,” South Godstone, 
Surrey. [Price 38.] 
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PERSONAL. 


In succession to Mr. J. W. Tuomas, B.Sc., LL.B,, 
M.I.E.E., who resigned to become chief education ang 
training officer of the British Electricity Authority, the 
Governing Council of the British Engineers’ Association, 
32, Victoria-street, London, S.W.1, have appointed ag 
secretary of the Association SiR WILLIAM CuRistE, 
K.O.L.E., C.S.1., M.O. 

Mr. W. BRAZENALL has been elected President of the 
Crucible and Tool Steel Association, Corn Exchange 
Buildings, Sheaf-street, Sheffield, 2, in succession to 
Mr. 8.H. LE Tati. Mr. L. K. Everirr has been elected 
vice-president. 


Dr. O. SyKes, F.R.S., has been elected President of the 
Sheffield Metallurgical Association in succession to Mr. 
T. F. RvssELL. 


Mr. R. H. Myers, Assoc. Met., F.I.M., has retired from 
his position as head of the Steelmaking Division of the 
British Iron and Steel Research Association, 11, Park- 
lane, London, W.1, on account of ill-health. He is 
succeeded by Dr. A. H. LEcKIE, F.R.I.O., formerly 
deputy head of the Division. Mr. J. SavaGE has been 
appointed deputy head of the Physics Department of the 
Association, in addition to his duties as head of the 
general-physics section. 

Proresson ©. A. Hart, T.D., M.Sc.(Eng.), Ph.D, 
A.M.L.O.E., F.R.1.0.8., A.M.1.Struct.E., of University 
College London, Gower-street, London, W.C.1, chairman 
of the Land Surveying Committee of the Royal Lnusti- 
tution of Chartered Surveyors, has been appointed to act 
as that Institution’s representative on the Permanent 
Committee on Surveying Instruments sponsored by the 
Directorate of Instr t Production, Ministry of 
Supply. 

Mr. H. S. W. Brirrarn has been elected President of 
the Sheffield and district branch of the Institute of 
British Foundrymen. Mr. H. Ha!Ines has been elected 
President of the Lancashire branch. 


Mr. H. E. G. West, managing director of Messrs. 
Newton, Chambers and Company, Limited, Thorncliffe, 
near Sheffield, was elected President of the Sheffield 
Chamber of Commerce, Cutlers’ Hall, Sheffield, 1, on 
April 14. 

Mr. H. S. PEIBER, M.A. (Cantab.), formerly engaged on 
X-ray crystallography at Birkbeck College, London, and 
Dr. W. F. Forp, of the Refractories Department, Univer- 
sity of Sheffield, have joined the staff of the Research 
Department, Messrs. Hadfields Limited, East Hecla 
Works, Sheffield. 

Mr. G. P. BetsHaM, who joined Brookhirst Switchgear, 
Limited, Northgate Works, Chester, as works manager 
in September, 1943, has been elected a director. 

Mr. G. E. CHAPMAN, superintendent of sales of equip- 
ment and safety appliances for mines to Messrs. Hadfields 
Limited, Sheffield, for 34 years, has retired after 52 years’ 
service with the firm. 


Mr. Joun F. ALcock, joint managing director of the 
Hunslet Engine Company, Limited, Leeds, 10, has been 
appointed a member of the Mines Equipment Advisory 
Committee. 

Mr. A. J. CAMPBELL has been appointed manager of 
the Sheffield branch of Messrs. W. T. Henley’s Telegraph 
Works Company, Limited. This branch has been 
associated hitherto with the firm’s Leeds branch, of 
which Mr. L. BROOKE continues to be manager. 


Mr. G. W. Watts, Quinta Rosemarie, Avenida A. El 
Pinar, Caracas, Venezuela, has been appointed factory 
representative in that territory, of Specialloid, Limited. 
North Finchley, London, N.12. 

MEssRS. AERIALITE LIMITED, Castle Works, Staly- 
bridge, Cheshire, manufacturers of cables and radio and 
television aerial equipment, have taken over the business 
of Messrs. Vicror H. Ippon, LiwiTrEp, Wythenshawe, 
Manchester, manufacturers of ‘‘ Nettle ” switches, lamp- 
holders and electrical accessories. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—The First Thurston award, that for 1947, of the 
Association of Supervising Electrical Engineers, 54, 
Station-road, New Barnet, Hertfordshire, has been 
awarded to Mr. C. G. Crampton, of Bearsted, Kent, for 
his invention of a magnetic centrifugal switch designed 
mainly for use on single-phase motors, to cut out the 
starting winding, with or without a condenser. The 
competition was inaugurated in July, 1947, by Dr. A. P. 
Thurston, M.B.E., M.I.MechE., F.R.Ae.S8., adviser 
on patents to the Association. The Thurston award 
consists of a silver trophy and an annual cash prize of 
101., for the invention submitted and judged to be the 
most valuable contribution to the advancement of the 
utilisation of electricity, the improvement of distribu- 
tion, or of installation technique. The trophy and 
cheque will be presented to Mr. Crampton at the opening 
meeting of the London lecture session of the Association 
in October next. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—The scrap supply position remains a 
major problem for steelmakers, but a slight improvement 
in the deliveries has encouraged the hope that full 
production will be resumed fairly soon ; in anticipation 
of this, Messrs. Colvilles Limited, have recently gassed 
their idle furnaces. Although still on a hand-to-mouth 
basis, scrap supplies are being regularly maintained at a 
level that ensures a high rate of steel production. The 
output of pig-iron continues at the maximum allowed by 
the present coke allocations. Colvilles new blast-furnace 
is now in operation, but the output is considerably below 
the rated capacity owing to the shortage of coke. Scottish 
steelmakers are handling a substantial export tonnage in 
connection with the bi-lateral agreements with the 
Argentine, Finland, Sweden, and Russia. Inquiries are 
being received for any free tonnages available, and 
Canadian buyers have been particularly pressing for 
extreme sizes of plates and bars, while fair tonnages of 
steel sleepers, rails, plates, and sections are being shipped 
on South African account. Re-rollers are also engaged 


and good tonnages of merchant bars are being dispatched 
to Sweden and Finland in particular, while periodic 
cargoes have been arranged fora number of Far Eastern 
countries, 

Scottish Coal.—Production from the deep mines 
declined sharply in the fortnight affected by Easter, and 
in the week ended April 3 the Divisional total was only 
466,900 tons. Scottish miners have ratified the proposal 
to continue the 11-day fortnight for another year. 
Absenteeism on recent Saturdays has been over 20 per 
cent., 80 that a considerable improvement in attendance 
will be necessary before the full benefit from extended 
hours is obtained. Following the recent delivery of a 
Logan slab cutter-loader at Comrie Colliery, Fife, it has 
been stated that Messrs. Mavor and Coulson, Limited, 
Glasgow, are manufacturing three Samson stripping 
machines which, they claim, will make possible a system 
of mechanised longwall mining which will be continuous, 
instead of the fixed cycle in general use to-day. Despite 
the reduced output, the marketing authorities are meeting 
all inland commitments, and consumers are receiving 
practically full allocations. The recent slight improve- 
ment in round-coal supplies has been maintained, and 
the railways and 4 tic market are having their re- 
quirements met in full. Surplus tonnages for export 
have been smaller, following the reduced outputs, but 
fair tonnages are being stemmed periodically at East 
Coast ports for Sweden, Denmark, and Finland. The 
first British post-war cargo of coal to Finland, comprising 
3,100 tons of industrial sized fuel, left Methil last week, 
and farther business in both coal and gas coke is expected. 
The first cargoes since the war to France, Sweden, Den- 
mark, and Finland have now all been shipped from 
Scottish ports. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Activity is general, and all order 
books are well filled. Pig iron is in rather better supply 
as a result of improved deliveries of coke. Finished iron 
isin very strong request. The production of steel isincreas- 
ing steadily, but does not keep pace with requirements. 
Fuller supplies of coal and the prospect of continued 
satisfactory deliveries have impelled the management of 
the Attercliffe Common branch of Messrs. Metropolitan- 
Vickers Electrical Company, Limited, to consider the 
question of reverting to the use of coal. The entire plant 
at the time of the fuel crisis last year was converted to 
the use of fuel ofl. The steel-melting plants operating on 
fuel oil are working very satisfactorily, and a reversion 
to the use of producer gas has not been discussed yet. 
A propeller shaft, 18 ft. long and weighing 5} tons, has 
left the Sheffield works of the English Steel Corporation 
to be delivered by air a distance of 7,000 miles to the 
Finnamore Hill, a British ship stranded at Rangoon. 
Pronounced activity prevails in all tool factories. There 
are considerable arrears of deliveries of engineers’ small 
tools to be made up, and a congested state of order books 
exists in the edge-tools trade. 

South Yorkshire Coal Trade—-Ample supplies of coal 
are coming forward, but there is general complaint of 
deterioration in quality. More deep-mined coal is going 
to distant destinations and more opencast coal is allo- 
cated locally. This is partly due to a directed change in 
transport. When rail transport was congested last year, 
&@ Troad-transport service was organised to move coal 
directly from Derbyshire and Nottinghamshire pit-heads 
to Sheffield works and public-utility undertakings, but 
now deep-mined coal has to be sent by rail leaving 
mainly opencast-coal to be transported by road. Coal 
stocks at works, power stations and gasworks are reaching 
a satisfactory level. Consumption, too, has eased off. 


There is smaller demand for house coal, and, in some 
instances, householders are refusing to take delivery of 


NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 

Welsh Coal Trade.—Owing to the disappointing results 
obtained, the voluntary Saturday morning shift worked 
at the South Wales collieries will probably be discon- 
tinued. It was expected that Welsh miners would accept 
a recommendation made to them by their executive 
council that longer working hours be continued for the 
next twelve months. Instead of the present extra 
Saturday shift, the men will be asked to work an 11-day 
fortnight, which will mean that they will work two 
Saturdays in four. Telling delegates that markets for 
Welsh anthracite were now wide open, but would not 
long remain so, General Sir Reade Godwin-Austen, 
chairman of the South Western Divisional Coal Board, 
at a conference at Swansea, said that they were prepared 
to develop the area provided that a position would be 
created in which management and men trusted each 
other; and that the rate of effort on which plans were 
based was consistently maintained. He complained of 
ca’ canny methods of working, and said there were unfor- 
tunately parts of the South Wales coalfield, and particu- 
larly in the anthracite area, where as much as possible 
was taken for nothing, and as little as possible was given. 
Mr. Gomer Evans, director of labour, said the coalfield 
was a drag upon the other coalfields of the country, and 
the anthracite area was the biggest drag of all. This 
area alone this year lost 25,500 tons through stoppages 
and ca’ canny. Supplies available for export were very 
limited on the Welsh steam-coal market throughout the 
week, and the requirements of. the home industries still 
accounted for the bulk of current outputs. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that business in tin-plate continues to display activity. 
The demand is strong and makers have disposed of a 
large proportion of their, outputs for period II. In the 
export market increased business is being done. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Tees-side iron and steel-producing 
plants continue in a state of great activity, but the huge 
total output falls far short of customers’ urgent require- 
ments, and the obstacles to a further enlargement of the 
make are still difficult to surmount. The fuel situation 
is much better than had been expected until recently ; 
the supplies of coal are meeting requirements and stocks 
of coke at the blast furnaces are above the average. 
There has been also an encouraging increase in the yield 
of Cleveland ironstone, and this, coupled with the heavy 
imports of costly foreign ores, has helped to raise the 
production of pig iron, the demand for which, however, 
still greatly exceeds the supply. Imports of iron and 
steel scrap from the Continent are still on a disappointing 
scale, but deliveries from home sources are improving. 

Foundry and Basic Iron.—Supplies of pig iron reaching 
the foundries are still inconveniently short of require- 
ments, and this, together with inadequate deliveries of 
cast-iron scrap, continues to hamper operations at 
plants turning out commodities in demand for home needs 
and for shipment overseas. The whole of the basic-iron 
output is promptly absorbed by the requirements of the 
makers’ adjacent stee) furnaces. 

Hematite, Low-Phosphorus and Refined Iron.—Stocks 
of East Coast hematite are low, but the distributable 
tonnage is sufficient for the essential needs of regular 
customers; outputs of low- and medium-phosphorus 
grades also meet requirements. 

Manufactured Iron and Steel.—Firms producing semi- 
finished and finished iron have as much work as they 
can handle and have bookings extending over periods 
far ahead, while steel manufacturers are still encumbered 
with heavy delivery obligations. Imports of steel semies 
are not up to expectations and the rather better supplies 
from home sources, while very welcome, contribute 
little to relieve the pressure for heavy deliveries. The 
record make of ingots is insufficient for the heavy demands 
of users and billets, blooms, slabs and sheet bars are still 
wanted for the re-rolling mills in larger quantities. 





NATIONAL ASSOCIATION OF OORROSION ENGINEERS 
AWarRDs.—Dr. Ulick R. Evans, of the University of 
Cambridge, has been accorded the 1948 Willis Rodney 
Whitney Award in Corrosion Science by the National 
Association of Corrosion Engineers, Southern Standard 
Building, Houston 2, Texas, U.S.A. Dr. John M. 
Pearson, Director, Physical Division, Research and 
Development Department, Sun Oil Company, Upland, 
Pennsylvania, U.S.A., has been made the 1948 recipient 
of the Frank Newman Speller Award in Corrosion 
Engineering of the Association. The awards were 
presented at the annual dinner of the Association, held 





inferior outcrop qualities which are allocated extensively 
to the house-coal market. 


on April 7, during the 1948 Oonference and Exhibition, 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Mersey 
Centre: Monday, April 19, 6.30 p.m., Royal Institution, 
Colquitt-street, Liverpool. Annual Meeting. ‘‘ American 
Hydro-Electric Schemes, Especially Boulder Dam,” by 
Mr. W. A. Hatch. London Students’ Section: Monday, 
April 19, 7 p.m., Victoria-embankment, W.C.2. Problems 
Night. North-Western and North Midland Centres : Tues - 
day, April 20,6 p.m., Electricity Offices, Market-street, 
Huddersfield. “ Oil Deterioration in Transformers and 
Switchgear,” by Mr. H. Hurworth. C.E.B. film, 
“Twenty-Five Years of Progress.” Southern Centre : 
Wednesday, Apri] 21, 6.30 p.m., Pavilion, Bournemouth. 
“ Electricity Supply as a Consumer Service,” by Mr. C. T. 
Melling. Institution : Thursday, April 22, 5.30 p.m., 
Victori ikment, W.C.2. Kelvin Lecture on “ The 
json System as an Electrical Instrument,” by Dr. 
B. H. C. Matthews, F.R.S. 


INSTITUTION OF MECHANICAL ENGINEERS.—Yorkshire 
Branch: Monday, April 19, 7 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Electric Traction Motors and 
Their Coupling,” by Mr. G. H. Fletcher. Western Branch : 
Thursday, April 22, 7 p.m., Merchant Venturers’ College, 
Unity-street, Bristol. “ Cutting Tools and Machine Tool 
Design,” by Mr. C. Eatough. Southern 
Thursday, April 22, 7.30 p.m., Royal Aircraft Retablish- 
ment College, Farnborough. “ Problems Encountered 
by R.E.M.E. in the Field,” by Major-General Sir B. 
Bertram Roweroft. Institution: Friday, April 23, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
Discussion on “ Reconditioning of Worn Parts,” opened 
by Mr. H. O. Parrack. 


DERBY SocrETY OF ENGINEERS.—Monday, April 19, 
7.15 p.m., School of Arts, Green-lane, Derby. Annual 
meeting. Film on “ Steel.” 


CuemicaL Sociery.—Tuesday, April 20, 5 p.m., 
Chemical Dept., University, Edinburgh. “‘ Valency of 
Metals,” by Professor L. C. Pauling. Friday, April 23, 
5 p.m., King’s College, Newcastle-upon-Tyne, 1. “‘ Va- 
lence of Metals and the Structure of Intermetallic Com- 
pounds,” by Professor L. OC. Pauling. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, April 20- 
5.30 p.m., Great George-street, S.W.1. “ Flooding in 
the Fens and the Remedial Measures Taken,” by Mr. 
E. A. G. Johnson. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, April 20, 6.15 p.m., 2, Savoy-hill, W.C.2. 
“ Modern Electric Welding Practice,” by Mr. G. Musted. 
Manchester Branch: Wednesday, April 21, 7 p.m., 
Engineers’ Club, Manchester. Discussion on ‘“‘ Main- 
tenance Wrinkles.” 


INSTITUTION OF THE RUBBER INDUSTRY.—Tuesday, 
April 20, 6.30 p.m., Caxton Hall, Victoria-street, S.W.1. 
Annual Meeting. Film on “ High-Speed Cinemato- 
graphy,” introduced by Mr. J. Hadland. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday - 
April 20, 7 p.m., 198, West-street, Sheffield. ‘“ Applica- 
tions of the Supersonic Frequency Detector in Steelworks 
Inspection,’”’ by Mr. F. Turner. 


HULL CHEMICAL AND ENGINEERING SOCIETY.— 
Tuesday, April 20, 7.30 p.m., Church Institute, Albion- 
street, Hull. Annual Meeting. 


INSTITUTE OF FUEL.—London Section: Wednesday, 
April 21, 2.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘‘ Recent Developments in Com- 
bustion,” by Dr. D. T. A. Townend. 


INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, April 21, 7 p.m., James Watt 
Institute, Birmingham. “‘ Cast Iron as an Engineering 
Material,” by Dr. H. T. Angus. Manchester Section: 
Wednesday. April 21, 7.15 p.m., College of Technology, 
Manchester. “ Practical “Aspects of Gas Turbine De- 
velopment,” by Mr. W. H. Darlington. Liverpool Section: 
Wednesday, April 21, 7.30 p.m., Exehange Hotel, Liver- 
pool. Annual Meeting and Chairman’s Address. 


RuGBY ENGINEERING SOcrIETY.—Wednesday, April 21, 
7.30 p.m., Corporation Electricity Department, Rugby. 
Annual Meeting. “ Electricity in the Rolling Mill,” by 
Mr. W. J. Pool. 


Socntrt DES INGRNIEURS CIVIIs DE FRANCE (BRITISH 
Secrion).—Thursday, April 22, 6 p.m., Institution “4 
Structural Engineers, 11, Upper Belgrave-street, 8. 

“ Hydro-Electric Works in Switzerland a 
by Mr. R. Koechlin. 

NorTH-East Coast INSTITUTION OF ENGINEERS AND 


SHIPBUILDERS.—Friday, April 23, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘The Work of the 








g Department in a University,” by Professor 





which took place at St. Louis, Missouri. 


A. F. Burstall. 
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ELECTRODEPOSITION OF 
TUNGSTEN ALLOYS. 


For several years past an investigation on the 
electrodeposition of binary alloys of tungsten with 
iron, nickel and cobalt has been proceeding in the 
laboratories of the United States Bureau of Standards, 
and some of the results obtained have now been 
published in an interim report contained in a recent 
issue of the Journal of Research of the Bureau. This 
states that the plating solutions consist essentially of 
the appropriate metal salts, together with certain 
hydroxy-organic acids in hot ammoniacal solutions, at 
a pH of about 8-5. It appears that deposits as thick 
as several hundredths of an inch can made with 
good current efficiency and that these are smooth, 
strong and hard, some showing precipitation hardening. 
The plating solution found to be most satisfactory for 





T.C.Q. 
56-15-O 
52-11-2 
deposition of cobalt-tungsten alloys contains cobalt 
(as chloride or sulphate), 25 grammes per litre ; tung- 
sten (as sodium tungstate), 25 grammes per litre ; 
Rochelle salt, 400 grammes per litre; ammonium 
chloride or sulphate, 50 mes per litre; and 
ammonia to maintain a pH value of 8-5. The bath is 
operated at 90 deg. C., and the current density should 
lie between 2 amperes and 5 amperes per square deci- 
metre. Solutions for depositing iron-tungsten and 
nickel-tungsten alloys are stated to be similar. As 
deposited, the alloys usually show laminations which 
disappear on heating, a grain structure being developed. 
The maximum percentages of tungsten obtainable in 
the binary alloys deposited are 35 in the nickel alloy, 
50 in the cobalt alloy, and 60 in the iron alloy. 

The iron-tungsten alloys, as deposited, are consider- 
ably harder than the cobalt and nickel alloys. Their 
hardness, on the Vickers scale, ranges from 700 to 900, 
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against 400 to 700 for the former. After annealing at 
600 deg. C. for an hour, the Vickers hardness of the 
iron-tungsten alloy increases to between 900 and 1,400. 
In a general cuulaitini, it is stated that the deposited 
tungsten alloys should find applications where hardness. 
particularly at elevated temperatures, is required. It 
is thought that ber may be competitive with chro- 
mium and hard ‘nickel for building up worn parts or 
for use in dies. The good throwing power of the solu- 
tions employed, it is considered, should make the 
plating of many objects with tungsten alloy simpler 
than with chromium, as complicated anodes are not 
required. Suggested fields of application include the 
plating of bearings, tools, pistons, cylinders and dies. 
The main disadvantages involved in the plating of 
these alloys are that the operating conditions require 
elevated temperatures and that the continual addition 
of ammonia to maintain the pH value is necessary. 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
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THE ECONOMICS OF 
DISTRICT HEATING. 


At a casual glance, the position of district heating 
in this country might appear to have a good deal 
in common with Mark Twain’s classic comment 
upon the weather—that, while everybody talks 
about it, nobody does anything. In fact, however, 
a considerable amount of valuable ‘‘ spadework ” 
has been accomplished in recent years by way of 
exploring the problems involved in the application 
of this method of space heating to the conditions 
which normally obtain in the British Isles. Some 
of this work has been reviewed in various papers 
presented to engineering institutions, upon which 
we have commented from time to time; and we 
have also printed several factual surveys of the 
progress made in the United States, Russia, and 
elsewhere, in the course of which attention was 
drawn to the essential differences between the 
climatic conditions in those countries and in 
Britain. More recently, a fuller investigation of 
the fundamentals of the question has been under- 
taken under the auspices of the Department of 
Scientific and Industrial Research, through the 
agency of the Heating and Ventilation (Recon- 
struction) Committee of that Department. This 
committee delegated the task to a District Heating 
Sub-committee, who, in turn, appointed a Working 
Group, under the chairmanship of Mr. A. Stubbs, 
B.Sc., M.I.Mech.E., to collate the available know- 
ledge and prepare a report. This report formed the 
basis of the paper which Mr. Stubbs presented at 
an extra general meeting of the Institution of 
Mechanical Engineers, held in London on Friday 
last, April 9. In it, the author reviewed the prob- 
lems of generation and distribution, the cost of 
district heating, and the fuel saving that might be 
expected from its adoption; and arrived at the 
conclusion that, while the provision of district 
heating involved a large capital expenditure— 
most of which was to be accounted for by the 
distribution system—it did show a good overall 
economy, and provided a cheap supply of heat. 

The calculations summarised in the paper related 





to a hypothetical town with a population of 250,000 
and containing a clearly-defined industrial section 
with an electric power station adjacent to it, and 
another industrial zone, of considerably larger size 
and more modern type, on the diametrically oppo- 
site side of the shopping centre, civic buildings, etc. 
These areas were bounded to the east and west 
(assuming the north to be at the top of the diagram) 
by railway lines, outside of which were residential 
areas. The plan for the district-heating scheme 
assumed that 60 per cent. of the population would 
take the supply ; and that the daily mean tempera- 
ture adopted as a basis for computing the maxi- 
mum demand would be 25 deg. F. The interesting 
point was mentioned, that the meteorological record 
at Greenwich over the past 100 years showed 49 
periods, totalling 205 days, when the temperature 
never exceeded 32 deg. F., and only 16 days when 
it did not rise above 25 deg. F. The adoption of 
the latter figure—which is 5 deg. below the value 
usually taken as a basis for the proportions of 
heating apparatus in this country—should provide 
an ample margin of capacity for all ordinary 
requirements. This generous capacity, however, 
does suggest a possible source of waste if, in practice, 
domestic consumers develop a habit of turning 
up the heat and keeping it on at this higher level 
for long periods, as many. of them do with their 
radio sets; a speaker in the discussion referred 
aptly to it as ‘‘ background ” heat, on the analogy 
of “background” radio reception. There is also 
the point, likewise mentioned in the discussion, 
that, as a household becomes accustomed to a higher 
normal temperature within the house, there may 
be a tendency to increase that normal gradually 
and without conscious intent. The basic tempera- 
tures of 270 deg. F. for supply and 160 deg. F’. for 
return flow were taken from Russian practice. 

The calculated capital outlay required to provide 
such a town with the system envisaged amounted to 
2,187,0001. at the 1937 level of prices, the largest 
single component in this total being the item of 
pipe ducts, estimated to cost 770,0001., and the next 
largest that of piping (including erection), which 
accounted for 460,0001. These costs, however, 
would cover only the main distribution from the 
generating station to the assumed 25 sub-districts ; 
capital charges incurred within those districts, up 
to and including the connections to houses, were 
estimated to amount to a further 3,035,0001., and 
there would still be-the cost of the station itself 
to consider, estimated at 4,610,0001. for a rated 
electrical output of 133-3 MW and a peak load of 
120 MW. The overall costs of the heat supply 
from a combined thermal-electric station of the 
capacity envisaged would amount (at 1937 prices) 
to 4-62 pence per therm, of which total the propor- 
tions charged to generation, main distribution and 
sub-distribution would be 1-44 pence, 1-18 pence 
and 2-00 pence, respectively. The conclusion was 
reached that the costs would be substantially the 
same for the three classes of consumers—industrial 
and commercial, community, and housing. The 
annual cost for space heating and hot water per 
householder was found to be 111. 14s. per annum, as 
compared with 12/. per annum under existing 
practice with coal at 3/. per ton. 

The discussion which followed the presentation 
of the paper was opened by Sir John Kennedy, who 
drew particular attention to the great increase in 
costs since 1937, the year on which the calculations 
were based ; the cost of plant, he said, had approxi- 
mately doubled, the cost of coal had trebled in 
the case of power-station and industrial supplies, 
and the cost to domestic consumers had increased 
by about 50 per cent. On the other hand, interest 
rates were now lower, by about 25 per cent. 
Sir John suggested, too, that the author had over- 
estimated the domestic demand, by taking higher 
rates of consumption than the average domestic 
consumer needed or, perhaps, could afford ; and -he 
questioned whether it was necessary to provide 
such expensive protection for the distribution mains 
as the author had indicated. He referred also to the 
effect of a heavy district-heating load in throwing 
out of balance the regime of a normal power and 
lighting load on a generating station. This criticism 
recalls the observation of Mr. L. F. Jeffrey, the 
chief engineer of the West Midland Joint Electricity 
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Authority, which we quoted on page 135, ante, 
that in Washington, D.C., where the air-conditioni 
load is of the order of 75,000 kW, it has brought 
the average total summer load on the station to a 
figure higher than the average winter load ; possibly 
the inclusion of a measure of district heating in the 
programme might be useful as a means of restori 
the balance of such a station. Sir John Kennedy 
did not suggest this as a possibility, but he did 
urge that there should be full co-operation between 
those responsible for district heating and for public 
electricity supply, especially on the score of coal 
saving—an economy which, the author of the paper 
claimed, might amount to nearly 50 per cent. of the 
present overall consumption in a town. 


Sir Alfred Egerton, F.R.S., the chairman of both 
the Main Committee and the Sub-committee 
mentioned above, expressed the opinion that 
certain schemes already proposed in this country 
should be brought into early operation as pilot 
plants, to provide ical experience ; and that 
they should be so designed that they could be 
readily incorporated into more ambitious schemes 
if desired later. He emphasised, however, that 
no attempt had been made, in the report of the 
Working Group, to produce the most economical 
scheme, the object being rather to obtain a balanced 
view of the problem. The remarks of Mr. F. 
Shakeshaft, however, who followed Sir Alfred, 
seemed rather to suggest that the view taken might 
have been wider. Unless, he said, the thermal 
saving was accompanied by an appreciable improve- 
ment in the overall economy, there might be some 
doubt whether the fuel saving was being obtained 
in the most beneficial way, from the national stand- 
point : the replacement of old steam reciprocating 
engines by a standard 60-MW turbo-alternator 
would save as much coal as the installation of a 
thermal-electric generating scheme for a town of 
150,000 inhabitants. Moreover, he added, while 
the author’s hypothetical plant had been so selected 
that it could follow the electrical load curve while 
carrying the expected heat load, in fact the primary 
aim would probably be the maximum utilisation 
of the installed plant. 


Practice in the United States, said Mr. A.C. Pallot, 
who was there in 1947 with an official mission to study 
district heating, showed that the thermal-electric 
method had not been much favoured in recent years ; 
but the modernisation of the Waterside stations 
would greatly increase the relative importance of 
the electrical load. He was of the opinion that the 
domestic temperature level which was normal in 
the United States would be excessive by British 
standards, but that the figure adopted for the 
number of therms to be supplied per annum should 
not be set too low at the outset ; the requirement 
would certainly increase. Mr. Pallot considered 
that the author’s estimate would be fairly appropriate 
to the initial requiremepts in this country, but 
Mr. I. V. Robinson, who spoke later, regarded it as 
high by comparison with observations of the heat 
consumption in his own house. 


A more critical note characterised the contri- 
butions of Mr. Donald V. H. Smith and Mr. A. E. 
Margolis, both of whom are well-known exponents 
of district heating as a policy. Mr. Smith “ de- 
murred emphatically ” to the statement that district 
heating was properly associated with the generation 
of electricity ; that, he said, left the purely thermal 
stations completely out of the account, whereas he 
regarded them as being of major importance—not 
least because they could be applied economically to 
small communities as well as to large towns. Mr. 
Margolis objected that the scheme should not be 
designed to supply only 60 per cent. of the popu- 
lation, and to the assumed maximum heat demand 
of 22,000 B.Th.U. per hour per house, which he 
thought too low. He also questioned whether the 
author was justified in adopting the temperature 
gradients found in Russian practice and a supply 
temperature of 270deg. F.; 180deg. F., he suggested, 
was high enough, both hygienically and from con- 
siderations of security against accidental burns bycon- 
tact with radiators. In general, it will be seen that 
the discussion was somewhat inconclusive, except as 
confirming the actual complexity of a subject which, 
to the uninitiated, appears so engagingly simple. 





JAPANESE INDUSTRIAL 
REPARATIONS. 


Vanious reports dealing with Japanese industrial 
reparations have been drawn up in the United 


Ting | States by the reparations committee and other 


bodies, and at a conference, held in Washington on 
April 14, 1947, between representatives of the 
Government, the War Department, the Navy, the 
Supreme Commander and the reparations committee, 
recommendations were drawn up specifying the 
level of the industrial capacity which Japan was to 
be permitted to retain. It was laid down, for in- 
stance, that the future blast-furnace capacity of the 
country should be restricted to that required to 
produce 2,000,000 metric tons of metal per annum, 
any plant representing a capacity above that level 
being removed as reparations. Corresponding 
limits were laid down for machine tools, ball- and 
roller-bearing plant, thermal power stations, alumin- 
ium and rubber plants, shipbuilding, and various 
other industrial installations. The document em- 
bodying these recommendations has been submitted, 
by the War Department, to an organisation known 
as Overseas Consultants, Inc., which is a joint body 
representing eleven American firms of industrial 
consultants. This organisation was instructed to 
investigate Japanese industrial establishments and 
indicate which particular plants should be left in 
the country to permit of the levels of production 
laid down and which should be removed. The 
consultants were not asked to determine the future 
level of Japanese industry—that had been decided 
at the Washington conference—but if, in their 
opinion, any of the specific recommendations of 
that conference were in error, they were asked to 
say so in their report. 

The report prepared by Overseas Consultants is 
a long document distinguished by clarity and the 
moderation of the terms in which it is expressed. 
It is purely factual and its conclusions are in no 
sense dictated by sentimental considerations or 
“pity for the Japanese people,” neither by “the 
thought that the immeasurable damage caused by 
Japan could or must be paid for in full.” When 
recommending that no industrial plant shall be 
removed from the country, it is recognised that 
“the first requirement for waging modern warfare 
is a strong industrial economy,” and that an 
industrialised Japan, unless carefully controlled, 
might become a strong military power. It is 
considered, however, that ‘“‘a strong industrial 
Japan would be less dangerous to the peace and 
prosperity of the Far East than a continuance of 
the present state of instability and economic 
maladjustment in this vast and populous region.” 
In connection with future control, it is to be remem- 
bered that Japan has few of the raw materials 
needed for war, especially since the loss of her 
colonies and conquests. She has also been deprived 
of the ability to manufacture guns, tanks, warships, 
aeroplanes and munitions. Present controls cannot 
last for ever, but on the long view it is considered 
that the chance of change to a peaceful philosophy 
will be improved if the Japanese are permitted a 
reasonable standard of living. 

The report is divided into two sections, the 
first of which furnishes the information which 
Overseas Consultants were specifically engaged to 
supply and gives lists of the various industrial 
plants which should be allowed to remain in opera- 
tion if the industrial level proposed by the conference 
is imposed. The second section contains a detailed 
analysis of the industrial economy of Japan and 
explains the basis of the opinion come to by Over- 
seas Consultants that no plants, other than those 
of a direct war character, should be removed. 
The matter is first considered from the point of 
view of primary necessities, such as food. The 
population of Japan is estimated to be about 
79 millions at the present time. This is larger than 
ever before and, owing to repatriation and a high 
birth rate, the figure is rapidly increasing. Arable 
lands total about 15 million acres out of a total area 
of 96 million acres. It is considered that the farm 
acreage might be increased by 7 per cent. over that 
of 1937, but in that year 10-4 per cent. of the popu- 
lation, or 7,300,000 persons, were fed on imported 





food. By 1953, on the basis of indigenous food 
production equal to that of 1937, 22,500,000 persons 
would have to be fed in that way, this high figure 
being partly due to a fall of about 40 per cent. in 
the supply of fish, due to the loss of fishing grounds 
and rights. This food must be paid for mainly by 
exported manufactures. Japan has no raw mater- 
ials other than low-grade coal, and her export 
of raw silk has been drastically reduced by the 
development of nylon and improvements in rayon 
yarns. The country is very rich in water power, 
but the only way in which this can be treated 
as an asset in international trade is by making 
it the basis of manufacture. The year 1953, 
mentioned above, is taken as a “target year” 
by which Japan should be self-supporting. 

In illustration of the detail examinations by 
which the levels of industry laid down by the 
conference are shown to be unsound, reference may 
be made to blast-furnace capacity, which has 
already been mentioned. This was specified to be 
that required for the production of 2,000,000 metric 
tons of metal per annum. The productive capacity 
of the present blast-furnace equipment is about 
3,600,000 metric tons a year, of which about 
1,000,000 tons are required for the production of 
iron castings. It is estimated that, in the next few 
years, metal will be required for the manufacture of 
6,000,000 tons of steel ingots a year, plus 1,000,000 
tons for steel i and special steels, which 
indicates that there will be a shortage of 1,800,000 
tons of blast-furnace production after using all avail- 
able scrap. This will have to be made up either by 
importing pig iron or scrap, or by building more 
blast furnaces, and in view of this position, and the 
fact that such a quantity of pig iron and scrap 
could not be obtained from abroad, apart from any 
question of the financial aspect, the opinion is 
expressed that ‘‘ no blast furnace facilities should be 
made available for reparations.” 

It is not possible to deal here with other aspects 
of the iron and steel industry, or with other engi- 
neering and manufacturing activities, but as one 
further example of the type of analysis presented 
in the report reference may be made to the question 
of thermal power stations. Many existing steam 
generating plants serve industrial works and it has 
been difficult for Overseas Consultants to arrive at 
precise figures for overall capacity, but it is esti- 
mated that the name-plate rating of existing plants 
totals 4,712,831 kW; many plants, however, are 
under-boilered and the estimated firm output is 
put at 2,503,000 kW. The conference decision was 
that the capacity of the country should be reduced 
to 2,100,000 kW. Thermal generation is not the 
major electric-power source of the country. Hydro- 
electric plants supplied 75 per cent. of the total 
power during the ten-year period prior to the end 
of the war, although they represent only 55 per cent. 
of the firm capacity. At full flow, the capacity of 
the plants is 5,500,000 kW, but in dry seasons it 
drops to 2,500,000 kW. Many of the forebay ponds 
are now badly silted. There is a heavy concen- 
tration of large hydro-electric stations in the moun- 
tains of central Honshu, the main Japanese island, 
and at low-water periods, which may occur both in 
summer and winter, there may be heavy demands 
on steam stations for periods of six, up to even 
nine, months. The electric power sources of the 
country are integrated and inter-connected “to a 
greater degree than in the United States,” and 
“it is generally estimated that a higher proportion 
of Japanese industrial plants are electrified and a 
higher proportion of Japanese homes and farms 
are served with electricity than in any other country 
in the world.” These conditions make electricity- 
supply a vital item in Japanese economy. The 
total firm generating capacity of the country 1s 
estimated to be 5,643,000 kW, this figure being 
based on the assumed completion of extensive 
rehabilitation work and on the standard of service 
reliability obtaining in Japanese pre-war practice ; 
this is much below the American standard, An 
analysis of industrial and domestic requirements 
shows that the total capacity required is 7,231,000 
kW, so that there is now a deficiency of 1,588,000 kW. 
In the circumstances, “‘ no electric generating equip- 
ment, other than from arsenals and navy bases, 
should be made available for reparations.” 
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NOTES. 


James ALFRED Ewi1na MEDAL. 


On the joint recommendation of the presidents 
of the Royal Society and the Institution of Civil 
Engineers, the Council of the latter Institution have 
awarded the James Alfred Ewing Medal for 1947 to 
Professor Sir John Douglas Cockcroft, C.B.E., M.A., 
M.LE.E., F.R.S., for his meritorious contributions 
to the science of engineering in the field of research, 
The Medal is awarded annually and was founded in 
1936 in memory of Sir Alfred Ewing. Sir John 
Cockcroft succeeded Sir Edward Appleton as 
Jacksonian Professor of Natural Philosophy in the 
University of Cambridge in May, 1939. i 
the late war he became Director, Air Defence 
Research and Experimental Establishment of the 
Ministry of Supply and a member of the Ministry’s 
Advisory Council on Scientific Research and Tech- 
nical Development. Subsequently, he became 
Director of the Montreal Laboratory of the National 
Research Council of Canada and Director also of 
the Canadian Experimental Atomic Research Plant. 
Early in 1946 he returned to this country to take 
up the post of Director of the Atomic Energy Re- 
search and Development Establishment, Harwell, 
Didcot, formed under the Ministry of Supply to 
deal with all aspects of the use of atomic energy. 
Sir John is the author of a number of papers on 
nuclear physics and, in 1936, he delivered the 37th 
Kelvin Lecture before the Institution of Electrical 
Engineers, taking as his subject ‘‘ The Transmuta- 
tion of Matter by High-Energy Particles and 
Radiators.” He has been concerned with many 
of the major achievements of the Cavendish Labora- 
tory, Cambridge, during the past 16 years and he 
took a leading part in the construction of the cyclo- 
tron and otherequipment. He was elected a Fellow 
of the Royal Society in 1936, was made a C.B.E. in 
1944, and knighted in January, 1948. Previous 
recipients of the Ewing Medal include such well- 
known engineers and scientists as Air Commodore 
Frank Whittle, C.B., C.B.E., F.R.S., Sir Reginald 
Stradling, C.B., M.C., F.R.S., the late Dr. F. W. 
Lanchester, F.R.S., Sir Harry R. Ricardo, F.R.S., 
Sir Geoffrey I. Taylor, F.R.S., and Sir Richard V. 
Southwell, F.R.S. 


PROBLEMS OF THE BRITISH ELECTRICITY 
AUTHORITY. 


The Conference of the British Electricity Author- 
ity with the chairman and members of the 
Area Electricity Boards and the Divisional Con- 
trollers, which was held at the Connaught Rooms, 
London, on Friday, April 9, was addressed at 
length by the chairman of the Authority (Lord 
Citrine), the Lord President of the Council (the 
Rt. Hon. Herbert Morrison, M.P.) and the Minister 
of Fuel and Power (the Rt. Hon. H. T. N. Gaitskell, 
M.P.). The first speaker indicated that personal 
contact between the members of the Central 
Authority and the District Boards was essential 
if the new organisation was to work in the best 
interests of the consumers. Speaking second, Mr. 
Gaitskell sounded the same note, pointing out that 
nationalisation was not an end in itself, but a means 
of attaining greater efficiency. He went on to say 
that it was not the intention of the Government 
to “run” the industry, but mainly to give general 
directions ; and these would not be numerous. 
Dealing with the discussion about increases in 
charges, he said there was a need for a sense of 
proportion. There would be no catastrophic 
increases. Some undertakings, however, had been 
making losses on their present tariffs and during the 
past year there had been increases in wages and 
the cost of coal, material and transport which had 
not been passed on to the consumer. Nevertheless, 
increased charges could perhaps be avoided for the 
time being, and even reduced in areas where prices 
had always been exceptionally high, without up- 
setting the Board’s finances. He went on to say 
that this was not a time for “reckless promotional 
activities.” Plant, material and labour were all 


short, and the domestic consumer could not, there- 
fore, be encouraged to use more electricity. Mr. 
Morrison, in turn, dwelt on the need for greater 
efficiency both on the technical and commercial 








sides. As regards tariffs, he said, it was necessary 
to ease charges in areas where the costs of distribution 
were high and to bring about a measure of stan- 
dardisation. The new structure must be used to 
dovetail electricity supply into the rest of the 
national economy and in particular to secure a 
closer measure of co-ordination than in the past 
within both the fuel and power industries. Parlia- 
ment had protected the new bodies from day-to-day 
political interference and the Government would 
endeavour to maintain that position. They were, 
however, accountable to the public for what they 
did, and must take them into their confidence to 
the fullest practicable extent. 


Tue Royat AERONAUTICAL Socrety. 


A number of medals awarded annually by the 
Council of the Royal Aeronautical Society, 4, Hamil- 
ton-place, London, W.1, will be presented on the 
occasion of the Wilbur Wright Memorial Lecture, 
to be delivered on Thursday, May 27. The Society’s 
Gold Medal, the highest honour in its power to con- 
fer, has been awarded to Professor Sir Bennett 
Melvill Jones, C.B.E., A.F.C., F.R.Ae.S., F.R.S., 
for his outstanding work in aerodynamics. The 
Society’s Silver Medal, awarded for some advance 
in aeronautical design, will be presented to Mr. I. I. 
Sikorsky, for his work on the development of the 
helicopter. The Society’s Bronze Medal will 
be presented to Miss F. B. Bradfield, O.B.E., 
M.A., F.R.Ae.S., for her work on aeronautical 
research. The Simms Gold Medal, given annu- 
ally to the author of the best paper read in any 
year before the Society, on any science allied to 
aeronautics, such, for example, as meteorology, 
wireless telegraphy and instruments, has been 
awarded to Sir William T. Griffiths, D.Sc., F.R.1.C., 
F.Inst.P., F.1.M., for his paper, “‘The Problem of 
High-Temperature Alloys for Gas Turbines.” The 
George Taylor (of Australia) Gold Medal, which is 
presented for the most valuable paper submitted or 
read during the previous session, will be given to 
Dr. J. W. Drinkwater, B.Sc., Wh.Sc., and Mr. W. G. 
Glendinning, B.A., A.F.R.Ae.S., joint authors of 
the paper, ‘‘ The Risk of Fire and Fire-Prevention 
Methods.” The Edward Busk Memorial Prize, 
awarded for the best paper received on some subject 
of a technical nature connected with aeroplanes, 
will be presented to Air Marshal the Hon. Sir Ralph 
Cochrane, K.B.E., C.B., A.F.C., for his paper, ‘‘ The 
Development of Air Transport during the War.” 
The R.38 Memorial Prize, given for the best paper 
on some subject of a technical nature in the science 
of aeronautics, has been awarded to Mr. W. M. 
Widgery, F.R.Ae.S., for his paper, ‘‘ Pressurisation 
of Aircraft.” Finally, the Branch Prize, presented 
for the best paper on an aeronautical subject read 
before the branches of the Society, has been awarded 
jointly to Mr. A. N. Clifton, F.R.Ae.S., for his 
paper, “‘ Naval Aircraft,” read before the Southamp- 
ton Branch, and to Mr. J. A. Kirk, for his paper, 
“Wind Tunnels,” read before the Belfast Branch. 


Execrriciry Suppty In BERLIN. 


Before the war, the supplies of electric power for 
Berlin were obtained mainly from two large hard- 
coal fired stations : one, the West station (298 MW), 
at Siemensstadt in the present British zone, and the 
other Klingenberg (270 MW), in the eastern suburbs. 
At night, a proportion of the power required was 
obtained at 100 kV from large brown-coal fired 
stations at Golpa-Zschornewitz, Trattendorf, Lauta 
and Finkenheerd, in what is now the Russian zone, 
while other sources of supply in the city itself 
were the hard-coal fired stations at Charlottenburg 
(108 MW), Moabit (81 MW), Wilmersdorf (72 MW), 
Spandau (56 MW), Unterspree (36 MW), and 
Schoneberg (13 MW). All these stations were 
situated either in the British, American or French 
zones, while there was also a station at Rummels- 
burg (81 MW) in the Russian zone. These plants, 
however, were used mainly for stand-by pur- 
poses; and their equipment, generally speaking, 
was obsolete and uneconomical. Most of it is now 
well over 20 years old. In June, 1945, the Russians 
removed all the plant from the West station and 
at least one set from Klingenberg. The present pos- 
ition, therefore, is that about half Berlin’s consump- 
tion is generated at Klingenberg, while another 15 





per cent. is imported from the Russian zone, the 
remainder being obtained from the above-mentioned 
uneconomica] stations. It is, therefore, interesting 
to learn from an official announcement made by 
the Anglo-American Control Office, that this un- 
satisfactory state of affairs is to be altered. The 
re-equipment of the West station is to take place 
at the cost of RM. 40,000,000, and orders for the 
production, without delay, of the necessary plant 
have been given to the German bizonal adminis- 
tration. This step should, in time, do much to 
relieve an increasingly difficult situation. Politic- 
ally it may perhaps be taken as some indication 
of the Western Powers intention to remain in Berlin. 


RESEARCH IN Rural ELECTRIFICATION. 


In 1939 some 63 per cent. of the rural] dwellers in 
England and Wales had an electricity supply ; and, 
given even moderately favourable conditions, there 
is no doubt that this proportion will soon be largely 
increased. The provision of a supply, however, is 
not everything. It is also desirable that the power 
should be utilised to the best advantage without 
undesirably heavy loads being created at awkward 
times. Moreover, although many excellent appliances 
for use on the farm and in the garden have been 
developed, much research into their employment is 
still necessary ; and this can best be conducted by 
some centralised body. With this end in view, 
the Rural Electrification Section of the British 
Electrical and Allied Industries Research Associa- 
tion was formed some time before the war; and is 
now carrying out both experimental research and full . 
scale trials under practical conditions. These lead 
up to the manufacture of the necessary equipment 
and its ultimate installation on the farm or in the 
garden. The exploratory tests and subsequent basic 
research are carried out by the Association entirely in 
ifs own laboratories—principally at the Field Sta- 
tion, Shinfield Green, near Reading, under the super- 
vision of Mr. E. W. Golding. The work in the suc- 
ceeding stages, on the other hand, is carried out on 
farms and nurseries or at agricultural research 
stations in collaboration with the farmers whose 
advice and assistance has been found indispensable. 
As is well known, a number of reports dealing with 
various phases of the work have been published 
by the Association already; and the methods 
recommended in two of these, in connection with the 
employment of small automatic hammer mills for 
farm grinding and of soil warming for frame hot beds, 
have been widely adopted. At the present time, a 
number of new researches are in progress, including 
such problems as sterilisation in the dairy by electri- 
cally raised steam, the drying of grass, grain, seeds 
and hops, and ploughing and field operations. Under 
the heading of horticulture, investigations are being 
carried out on soil warming under cloches, the 
stimulation of plant growth by artificial illumination, 
and on pest destruction. The potentialities of wind 
power for the generation of electricity on a small 
scale for use on farms has been under consideration 
for some time ; and this work has now been extended 
to an investigation of power generation on a larger 
scale by the same means. These researches have 
included the analysis of much meteorological data 
which may be useful for other purposes. 


Bureau or Non-Fsrrous Meta Statistics. 

The British Overseas Mining Association, the 
British Non-Ferrous Smelters’ Association, and the 
British Non-Ferrous Metals Federation have an- 
nounced that the British Bureau of Non-Ferrous 
Metal Statistics has been established. The Bureau 
has been founded jointly by the three organisations 
to collect and publish comprehensive statistics 
relating to,the production, consumption and stocks 
of non-ferrous metals in the United Kingdom, and 
the British Commonwealth and Empire. We 
understand that the Bureau has the support of the 
Board of Trade and the Ministry of Supply, and 
that all the principal Empire producers and con- 
sumers of non-ferrous metals have to co- 
operate. It is expected that the first number of the 
Bureau’s monthly statistical bulletin will appear in 
July. These bulletins will include figures relating 
to copper, lead and zinc for the previous month, 
and, at a later date, the statistics will be extended 
to cover the other principal non-ferrous metals. 
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The Bureau is directed by a Council, the members 
of which have been appointed by the three founder 
organisations. The members appointed by the 
British Overseas Mining Association comprise the 
Hon. R. M. Preston, D.S.O., who is also chairman 
of the new Council, and Lt.-Col. J. Cross-Brown, 
D.S.O., Mr. B. Monier-Williams, Mr. R. L. Prain, 
O.B.E., and Mr. W. Randerson. The British Non- 
Ferrous Smelters’ Association have appointed Major 
C. J. P. Ball, D.S.O., M.C., who is also honorary 
treasurer of the new Council, and the Hon. Geoffrey 
Cunliffe, Mr. R. L. H. Lancaster, Mr. D. P. C. Neave, 
and Mr. R. Lewis Stubbs. The five delegates of the 
British Non-Ferrous Metals Federation comprise 
Mr. C. H. Carder, Mr. A. H. Carmichael, Mr. L. 
Endall, the Hon. John Grimston, and Mr. C. E. 
Prosser. Under an agreement made between the 
Bureau and the British Non-Ferrous Metals Federa- 
tion, the latter have made available to the Bureau 
the existing organisation of their statistics depart- 
ment, under Mr. P. E. Grainger, B.Sc. (Econ.), 
F.S.S., and will also undertake the administration of 
the Bureau. Mr. N. K. Lindsay, director of the 
Federation, will act as secretary to the new Council. 
Certain statistics at present compiled and published 
by the Federation, at the request of the British 
Government will be compiled and published in future 
by the new Bureau, the offices of which are at 132, 
Hagley-road, Edgbaston, Birmingham, 16. 


TRAINING oF AIR- AND GROUND-CREWS FOR 
Crviz AIRLINES. 


Airways Training, Limited, at Aldermaston Aero- 
drome, Berkshire, is the organisation which was set 
up by British Overseas Airways Corporation and 
British European Airways to provide advanced 
training for prospective civil aircrews and ground 
staff. Since its formation in 1945, it has been 
mainly responsible for training selected Royal Air 
Force personnel, and over 1,000 captains and first 
officers have already passed through its various 
schools, and attained the standards demanded 
by B.O.A.C. and B.E.A. These two corporations 
having recruited most of the trained operational 
staff they need for their present commitments, it is 
now possible to offer the facilities at Aldermaston 
to other airline operators, and to consider training 
courses which will suit their special requirements. 
This offer was officially confirmed by Mr. G. S. 
Lindgren, M.P., Parliamentary Secretary to the 
Ministry of Civil Aviation, at a luncheon given at 
Aldermaston by Airways Training, Limited, on 
Wednesday, April 7, 1948. The facilities at Alder- 
maston are well adapted for the needs of foreign and 
Dominion airline operators as well as those of this 
country. There is a three-runway airfield with a 
primary runway 2,000 yards long, and the latest 
blind-flying approach-aids are installed. These 
include ground control approach, standard beam 
approach, and high-frequency direction-finding 
systems. Instruction in the use of these is given by 
the radio and radar sections, which contain link 
trainers, signal briefing rooms, and equipment 
arranged for demonstration and testing. The navi- 
gation section has a wide range of instruments such 
as automatic pilots, distant reading compasses, and 
deviascopes together with working models and rigs 
designed to show their operation and performance 
in practice. The engineering department gives 
instruction in the maintenance of various types of 
civil aircraft, including the engines, propellers, and 
the accessory electrical and hydraulic gear. Various 
types of aircraft are also stationed at the aerodrome 
to give the necessary flying experience ; and main- 
tenance work, including minor repairs, is carried 
out on aircraft brought in for servicing. Airways 
Training, Limited, therefore provides in a single 
aerodrome, the training facilities needed by civil 
airline aircrews and ground staffs, though opera- 
tional experience in flying boats has to be obtained 
elsewhere. The general manager of Airways Train- 
ing, Limited, is Air-Commodore H. A. Fenton, 
C.B.E., D.S.0., D.F.C. 





CANADIAN STEEL PRODUCTION.—During the year 1947, 
Canadian works produced 2,854,532 short tons (of 2,000 
Ib.) of steel ingots, as compared with 2,253,437 tons in 
the previous year, 





LETTER TO THE EDITOR. 


REPARATIONS IN KIND. 
To THE Eprror or ENGINEERING. 


Smr,—With reference to the leading article, on 
page 301 of your issue of March 26, may I point out 
that the report was prepared primarily for the purpose 
of attempting to counteract a view currently held 
by certain important officials in the United States 
that capital equipment as reparation was of little 
or no value to recipient nations ? It was important 
that the fallacy of this view should be pointed out 
at the earliest possible moment, and the report was 
therefore prepared before all Member Governments 
of the Agency had been able to report on the value 
to them of the equipment they had already received. 
Actually, plant has been delivered in considerable 
quantity to Yugoslavia, and in lesser quantity to 
Greece and Denmark, and is proving of real value 
to the economy of these countries. In this connec- 
tion, it is hoped at a later date to supplement the 
report with further reports giving fuller details, 
and we will not fail to let you have copies of these 
reports as and when they become available. 

Again, may I point out that a small error has 
crept into your article in the statement that the 
only ball-bearing plant available to date was allo- 
cated to Czechoslovakia? This error, no doubt, 
resulted from the loose wording of the report, from 
which it could reasonably be inferred that the whole 
of the equipment from the Kugelfischer plant was 
allocated to that country. Actually, however, the 
equipment was divided up, with some unimportant 
exceptions, among those Member Governments 
wha had possessed ball-bearing plants before the 
war. The allocation proved to be the most difficult 
undertaken by the Agency to date, as it involved an 
analysis of the relative urgency of the needs of 
each of the competing Governments for each 
individual machine available. 

Finally, I would point out that while your state- 
ment is correct that some of the material available 
is in farfrom good condition, the average condition is 
quite good, and there is a very appreciable proportion 
which is practically unused. The 30,000-kW 
power station from Mannheim is a good example. 
This plant was installed underground as an emer- 
gency station to be brought into use in the event of 
the destruction of the Mannheim main station, and 
was, in fact, never used. 


Yours faithfully, 
W. P. Jomnson, 
Programme Consultant. 
Inter-Allied Reparation Agency, 
155, Rue de la Loi, Brussels. 
April 8, 1948. 





OBITUARY. 


WE have learned with great regret of the sudden 
death, on April 6, while he was travelling from 
Newcastle to London, of Captain E. W. Swan, 
O.B.E., R.N.V.R. (ret.), to whose activities in 
pressing for the purchase of George Stephenson’s 
cottage birthplace we referred on page 351, ante ; 
and also of the death, four days later, of Mr. Percival 
Marshall, founder, and editor for 50 years, of The 
Model Engineer. Owing to pressure on our space, 
it has not been practicable to include more than 
this brief reference in the present issue, but we hope 
to publish more extended notices of the careers of 
Captain Swan and Mr. Marshall next week. 





BRITISH GEAR MANUFACTURERS’ ASSOCIATION.—At the 
annual luncheon of the British Gear Manufacturers’ 
Association, which was held at the Savoy Hotel, Strand, 
London, W.C.2, on Wednesday, April 14, the chairman, 
Mr. R. J. McLeod, M.Inst.Met., M.I.Mar.E., said that, 
since the Association was formed in 1943, they had 
found it advantageous for competitors to be brought 
together by that means. Mr. McLeod was replying to the 
toast of the Association, which had been proposed by 
Rear-Admiral (E) the Hon. D. C. Maxwell, O.B.E., who 
said, in the course of his remarks, that the Navy required 
the size of gear units for a given power to be reduced. 


THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 353.) 
ConsTRUCTOR COMMANDER J. F. STaRKS, R.C.N.C., 


presented the second paper on the afternoon of March 
18, on ‘‘ German U-Boat Design and Production.” 


GERMAN SUBMARINE DESIGN AND PRODUCTION. 

The development of Germany’s U-boat force, 
said Commander Starks, was an example of a major 
maritime power devoting the main part (and later, 
practically the whole) of its naval effort to one class 
of warship, designed to operate chiefly against 
merchant shipping. There was a tendency in’ some 
quarters to associate submarines with the German 
nation and to assume, therefore, that a German 
submarine, or piece of submarine equipment, was 
necessarily of the highest quality. This view, he 
thought, had been over-emphasised ; the German 
submarines actually employed on operations by no 
means outmoded those of the Allies. The modi- 
fications made to the war-time U-boats—particu- 
larly, the Schnorkel—were mainly defensive in 
character, were not outstanding inventions, and 
were forced upon the Germans by the Allied anti- 
‘submarine measures. At the cessation of hostilities, 
however, Germany had submarines almost ready 
for service, and new designs projected, which set a 
new fashion in submarine warfare. Had they been 
produced sooner, they might have prolonged the 
war; this applied particularly to the Type XXI, 
which was designed to operate continuously sub- 
merged and was the only German submarine to be 
completely air-conditioned. The Type VIIc, how- 
ever, which constituted some 50 per cent. of the 
German submarine fleet, though a very good sub- 
marine of conventional type, was no more than this. 
It was fitted with the Schnorkel in the course of 
the war. A submarine of this type, U.570, was 
captured intact in 1941, and, as H.M.S. Graph, 
was used for experimental purposes. There was 
little in this vessel to suggest any shortage of 
materials in Germany, but the submarines surren- 
dered in 1945 were very different in this respect ; 
non-ferrous metals had been eliminated almost 
entirely. A notable feature of U.570 was the 
fixed-eyepiece periscope, an ingenious and well- 
designed instrument which allowed the user to sit 
at the same level, irrespective of the height to which 
the periscope was raised. Some 572 of the Type 
VIIc were built, and 87 of the Type VIIo (41), in 
which the diving depth was increased from 330 ft. 
to 395 ft. The most outstanding feature of the 
German U-boat effort, said Commander Starks, in 
conclusion, was the number of vessels built—a total 
of 1,155, exclusive of midget submarines and those 
which were scra before completion because 
they had been superseded by other designs; the 
numbers produced represented an average of a new 
submarine on every second day throughout the 
war. The finish of the prefabricated hulls, however, 
was not notably good ; sections did not always fit, 
and some “ pushing and pulling” into alignment 
was often necessary. 

The discussion was opened by the Director of 
Naval Construction, Sir Charles Lillicrap, who 
thought that the author, who had been in close 
touch with the operational side of submarines and 
previously was in the Submarine Design Depart- 
ment of the Admiralty, had given a review of 
German design practice and development which was 
fair and impartial. Commenting on the section of 
the paper dealing with the main defects of Type XXI, 
Sir Charles felt that those were merely the teething 
troubles to be expected in such a complicated design, 
produced so hastily ; the type was a very formid- 
able weapon, and would have given the Allies a lot 
of trouble if it had gone into general service. Further, 
it did not represent the last word, for types which 
were faster under water were already in course of 
development. This emphasised the importance to 
the defence of this country of technical superiority 
in both design and production. That need was 
very commonly repeated in speech, but when it 
came to doing something about it, there was 
nothing like the support that there ought to be. 
It was true that British submarine construction 





represented only about one-sixth of the German ; 
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even so, our efforts were not negligible, although 
submarines formed a very small proportion of 
‘British naval construction. Even with their enor- 
mous Output, the Germans were not covering their 
losses ; of every three vessels sent to sea, two did 
not return. Their programme was of revolutionary 
design to overcome that difficulty. With regard to 
the special types having high submerged speed, he 
thought that the author had not stressed sufficiently 
that the high under-water speed was merely a short 
burst ; it could not be maintained for any long 
period. It meant sacrificing endurance and the 
time taken in getting to the field of action would 
be greater; high speed and endurance were 
incompatible. 

Professor A. J. Sims said that not the least of 
the effects of radar on the fortunes of war was to 
close one chapter in submarine design and start 
another; the author had done well to put sub- 
marine design against the background of anti- 
submarine measures and operational conditions in 
general. He believed that, in 1942, submarine 
officers and designers were agreed that, so long as 
it was reasonably safe to surface at night to charge 
batteries and to make speed, they much preferred 
the space which a Schnorkel would occupy. The 
changing background of operational conditions had 
forced the Schnorkel on the Germans ; if some means 
could be found whereby submarines could again 
operate with 1940 safety on the surface, he believed 
that the number of vessels thus fitted would be 
reduced. The author was right in dividing German 
submarine development into four stages; but it 
would be wrong to conclude that those four stages 
had moved in series ; stages 2, 3 and 4 were almost 
simultaneous. Stage 2 was a rather desperate 
effort to restore the offensive powers of an other- 
wise obsolete submarine fleet ; stages 3 and 4 were 
simultaneous approaches to a brand new type of 
submarine, which had to be produced in a great 
hurry. Stages 3 and 4 were bold in their conception. 
Only from the technical point of view was it a 
little unfortunate, perhaps, that those submarines 
had no operational experience by which to judge 
them; not all the features of the design were on 
the favourable side. The Germans had come to 
regard their submarines as having a short life ; few 
lasted longer than two years. If submarines were 
designed accordingly, the performance of batteries, 
machinery, electric equipment, etc., could be forced 
to a greater extent than otherwise. The author 
had said that the stress of war forced the Germans 
to embark on dispersed mass production without 
building a prototype ; but would it ever be possible 
to build, in the middle of a war, a prototype of a 
recognised unit of the fleet? While applying a 
most rapid method of producing submarines, there- 
fore, we must be careful not to build up such a 
complex organisation that we were very slow off 
the mark and eventually delivered rather obsolete 
vessels at great speed. 

Commander E. D. Norman questioned the author’s 
view that the change in the design of U-boats was 
in defensive characteristics; he thought it was 
purely offensive. As the U-boats were prevented 
from attacking by the efficiency of the Allied anti- 
submarine forces, they changed their tactics, using 
their surfaceability to attack on the surface. When 
radar was introduced they were forced to submerge, 
and, in order to attack when submerged, it was 
necessary to increase the mobility ; therefore, they 
changed their designs to give increased submersi- 
bility, to enable them to contact and attack a larger 
number of targets and to escape from a very much 
larger number of escorts. With regard to the state- 
ment that the practice of separating the command- 
ing Officer from the crew during an attack was not 
popular in the Royal Navy, and was confirmed by 
experience on war patrol with H.M. Submarine 
Graph, Commander Norman regretted that this 
report was over his own name ; it was merely hide- 
bound tradition which had made him state that. 
Since 1942, he had served in American and other 
submarines, all of which had their attack crews 
divorced from the rest, and he no longer considered 
this a severe drawback. He disagreed also with the 
author’s statement that living conditions in German 
submarines were worse than in Allied submarines ; 
at the beginning of the war he had served in sub. 
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marines in which the accommodation was much 
inferior but, as the war progressed, British standards 
improved considerably, whereas those in the German 
submarines deteriorated. 

Commander A. R. Hazlett, discussing the author’s 
point that the British were primarily an anti-sub- 
marine nation and the Germans primarily a pro- 
submarine nation, said that this had been the idea 
for about 150 years. When, in 1804, the American 
engineer, Robert Fulton, tried to sell submarines to 
the British Government, and Pitt, then Prime Minis- 
ter, was quite pleased with the machines, the First 
Lord (Earl St. Vincent) had said that ‘‘ Pitt is the 
greatest fool that ever existed to encourage a mode 
of warfare which those who command the sea do 
not want and which, if successful, will deprive them 
of it.” That attitude had persisted in this country 
until half way through the last war ; before the war, 
constant efforts were made by politicians and others 
to abolish the submarine altogether. The paper by 
Commander Starks showed clearly that, by the end of 
the war, the Germans were well ahead in submarine 
construction and design, and that, if the war had 
continued, we should have been in a sad way. The 
lesson was that Earl St. Vincent’s policy was dead, 
and that any nation which wished to control sea 
communications must not only develop anti-sub- 
marine measures, but must develop the submarine 
at the same time. The submerged mobility of the 
submarine would be extremely important in the 
future, but a price had to be paid for it. 

Mr. G. de Rooij said that the Dutch Navy had 
begun to design the Schnorkel in 1935 and had made 
the first trials in the spring of 1938 ; it had been fully 
tried out, with good results. He asked whether tests 
had been made on the quality of the electrically- 
welded submarine hulls, and whether further re- 
search had been done in that connection. 

Mr. L. G. Stevens, comparing the German Type 
VII c and the British S class, and the German 
Type IX D 2 with the British A class, said that the 
German and British designs were much alike in 
respect of horsepower and speed if appropriate 
allowances were made for small differences in dis- 
placement, etc. He believed that the German 
designs, in regard to form, had little or no advantage 
over the corresponding British designs ; if there were 
anything in it at all, the position was slightly the 
reverse. As the author had said, there was a ten- 
dency to over-emphasise the superiority of anything 
German in the submarine line. The effect on resist- 
ance of the streamlining of hulls could be exagger- 
ated, though, if design considerations enabled the 
form to be shortened, there would be a gain; com- 
paring the German types XVIII and XXI with some 
of the earlier German designs, there seemed to have 
been a tendency to shorten the forms for the same 
displacement as the higher submerged speeds were 
developed. If the Germans were prepared to sacrifice 
surface-keeping qualities and main gun armament, 
there were great possibilities of decreased sub- 
merged resistance and increased speed. Those 
items represented a very large proportion of the total 
resistance, and, if a submarine had to be able to 
fight as soon as she broke surface and possibly to 
proceed at high speed in adverse weather, there 
seemed little that could be done about increased 
speed at the same power. The paper rather sug- 
gested that the Germans were prepared to accept 
reduced seaworthiness on the surface, and he asked 
for the author’s further comments on that. With 
regard to the twin rudders of the type VII c, was 
there any information about their performance in 
manoeuvring ? With regard to the table of sub- 
marine particulars, he asked whether the horse- 
powers given were total powers, or powers per shaft ? 

Mr. D. B. Kimber, referring to the prefabrication 
of Type XXI, said that he would prefer to call it 
dispersed fabrication. The Germans had developed 
a rather similar scheme for the construction of some 
of their later minesweepers. He believed it was 
established that, in terms of units completed in a 
given time, dispersed fabrication proceeded very 
well; but he questioned whether, by such methods, 
it was possible to achieve the standard of workman- 
ship that was necessary in submarine construction, 
which was precision work on a. large scale. The 
prefabrication methods used in this country were 
similar in many respects to the German, but in 





various directions did not go to such extremes ; 
where the sections of a particular boat were built 
in the same yard, there was a good chance that the 
required standard of workmanship would be attained, 
with care. Having examined several U-boats on 
the slips in Hamburg, he had noticed that the butt 
joints between the sections of the pressure ‘hull were 
out of position by as much as 1} in.; while this 
was hardly the rule, it was a fairly common occur- 
rence. Some of the detail design of the figure-eight 
pressure hull left much to be desired in respect of 
some joints; and he wondered to what extent the 
Germans had carried out X-ray tests for checking 
those vitally important welds. 

Mr. R. N. Newton said the author’s précis on 
Schnorkel development implied that this device 
was only given serious consideration just before the 
war. That was an under-statement, because the 
requirement for an air induction tube or trunk had 
existed since the inception of submarines. The 
design of a submarine credited to Bourne in 1578 
included an air tube, reaching to the surface when the 
vessel was submerged, for ventilation purposes ; 
and the David submarines used in the American 
Civil War were fitted with a hinged induction mast 
whereby air was fed to the steam reciprocating 
engines. That was the first instance of Schnorkel 
tubes. The type XXI U-boats did, in fact, present 
a@ very smooth form, conveying the impression 
that the highest degree of streamlining had been 
achieved, but the under-water resistance could 
have been reduced still more. Vessels of that class 
exhibited a marked roominess in comparison with 
others, and the more compact disposition of the 
machinery and equipment into a smaller pressure 
hull would have reduced the wetted surface consider- 
ably. The free flooding spaces amounted to some 
280 tons, or 13 per cent. of the overall form displace- 
ment, an excessive amount in a design for high 
submerged speed. A submerged speed of 18 knots 
was credited to the Type XXI when it first began 
to assume significance during the war, whereas 
the actual speed had since been proved to be of the 
order of 15 knots for one hour only. A Type XXIIT 
vessel, when tested by the Admiralty, achieved a 
normal 9-7 knots, and 11-1 knots by overloading 
the motors, against a claimed speed of 12-5 knots. 
In regard to the figure-eight section of the pressure 
hull of the Type XXI, Mr. Newton endorsed the 
author’s observation that any departure from the 
truly circular section, though it might afford 
advantages, such as more attractive battery 
stowage, could only result in reduced diving depth. 
While compensation for loss of strength at local 
discontinuities placed some limitation on the reduc- 
tion of diving depth, the ultimate result could not 
compare with the performance of a hull of truly 
circular section; that was proved by model tests 
and sea experience by the Germans themselves, and 
accorded with British experience. The menace 
of the atom bomb made it even more important 
that the hull should be of circular section. 

The total of 17 reload torpedoes, in the Type X XI, 
was not really so impressive as the author had 
implied, as six of the 17 occupied the loading 
position of the tubes. Stressing the significance 
of Sir Charles Lillicrap’s remarks concerning the 
incompatibility of high speed and long endurance, 
Mr. Newton said that, until real evidence of the 
practicability of a lightweight high-powered propul- 
sion unit with low fuel consumption was forthcoming, 
the only means of improving endurance was to reduce 
hull resistance. The true submarine—one which 
would remain under water for long periods—would 
not come for 10, 15 or 20 years. Streamlining of 
the hull to achieve high speed naturally assisted, 
but not nearly enough, and the search for a really 
durable bottom composition or other treatment of 
the outer skin which could be readily applied 
assumed the highest importance. Meanwhile, longer 
endurance submerged, at high speed, could be 
obtained only by the carriage of more fuel at the 
expense of other requirements. 

The descriptions of the various types of U-boat 
revealed the extent to which the Germans had 
endeavoured to introduce into their designs features 
of British submarines, while we sometimes intro- 
duced some of their innovations. ‘There was, for 
instance, the gradual extension of the use of tele- 





378 





ENGINEERING. 





APRIL 16, 1948. 





motor power, which had been brought by us to @ 
stage of almost complete reliability for the operation 
of periscopes, torpedo-tube caps, main vents, 
Kingston valves, etc. It was not surprising that 
the efforts of the Germans had met with little suc- 
cess ; our reliance had been built up over long years 
of experience with that method of power operation. 
Both countries had devoted considerable effort to 
the development of air-conditioning and air purifica- 
tion apparatus. The greater effectiveness of British 
apparatus could probably be ascribed to the greater 
concentration which we applied to the design of 
midget submarines, for in such small craft the need 
for maintaining good air conditions was of para- 
mount importance. The complete welding of 
pressure hulls in this country was brought to a 
degree of satisfaction equal to, if not better than, in 
Germany, in no small measure by the extensive use 
of radiography for searching out, defects. The 
Germans did not apply this technique to the same 
extent. The author’s description of the reasons 
and methods associated with mass prefabrication of 
submarines in Germany was conspicuous by the 
absence of reference to the ability of the finished 
product to meet operational requirements at sea. 
Long experience had shown the necessity to intro- 
duce modifications during the production stage in 
order to combat the latest attack methods by the 
enemy, and no doubt the German methods of fitting 
out hull sections had resulted in the finished sub- 
marines being out-of-date in several respects. 
Another disadvantage of completely fitting out the 
hull sections prior to assembly was that, in the period 
from the completion of a section to the completion 
of the submarine, small items of equipment, delicate 
cables and fittings, would suffer damage and 
deterioration. He felt that the fighting efficiency 
of the German U-boats had deteriorated throughout 
the war because of their losses, and particularly 
because they had carried prefabrication to such an 
extent that they had lost efficiency in the sub- 
marines; in striking contrast to the British, with 
their thoroughly trained crews and very efficient 
vessels, which had paid better dividends. 
Commander Starks, replying to the discussion, 
said that nothing should be more clear, after two 
World Wars, than our own need to develop pro- and 
anti-submarine forces. While he had given much 
attention to the German activities in connection with 
submarines, he would be the last to decry British 
efforts. In reply to Mr. Stevens: the powers 
quoted in the table of submarine particulars were 
horse-power per shaft. On Mr. Newton’s remarks : 
he had tried to show that the Schnorkel was not a 
new German invention, but merely an extension of 
a long-standing idea. It was true that the British 
submarines were ahead of the U-boats in some 
respects. He endorsed Mr. Newton’s point that 
rate of production must be balanced against the 
need for modifications during construction, the 
modifications having been shown to be necessary in 
the main to war experience ; perhaps the solution 
in war-time was to embark on mass-production in 
groups of reasonable size and to restrict modifications 
to successive groups. He agreed with Professor 
Sims, however, that in war we were unlikely to 
achieve the undisturbed building of a prototype. 
The President commented, with regard to the 
Schnorkel, that he agreed completely with Com- 
mander Norman’s view that it was definitely offen- 
sive. That was proved by the fact that it had 
enabled the German submarines to operate in certain 
localities close to the British coast, where they had 
not been for some three years, so that counter- 


measures had to be taken at great expense to the | distilling 


ordinary production of the country. 
(T’o be continued.) 





West or SCOTLAND IRON AND STEEL INSTITUTE.— 
The annual general meeting of the West of Scotland 
Iron and Steel Institute was held on April 9, when the 
report of the Council and the accounts were presented. 
The membership of the Institute,on September 30, 1947, 
was shown to be 492, as compared with 482 on September 
30, 1946, and the income totalled 7411., the surplus of 
income over expenditure being 2011. After the business 
meeting a paper, entitled “‘ A Simple Laboratory Test 
to Determine the Data Necessary for a Production 
Heat-Treatment Process,” was presented by Mr. J. M. 
Mowat and Mr. J. Sloan. 





DISTILLATION ; THE INVENTION 
OF THE RECTIFYING COLUMN.* 


By Proressor R. J. Forses, M.N.R.I.E. 


Contrary to common belief, the pioneer of the 
modern distilling column, Jean Baptiste Cellier- 
Blumenthal, was not a Belgian, though he spent the 
latter part of his life at Brussels, which was then part 
of the Tiolen of the Netherlands. Before he moved 
to Brussels in 1820, he had lived wholly in France ; 
indeed, he was born at Clermont-Ferrand in 1768. He 
was one of the many practical technologists that 
France produced so abundantly in the latter half of the 
Eighteenth Century, but nothing is known of his 
theoretical or practical training, before he emerged to 
light under Napoleon in the early days of the beet-sugar 
industry. 

In 1747, Marggraf had proved by microscopic 
examination that sugar-beets contain sugar and he 
had reported this fact to the Royal Academy of Berlin. 
This discovery started the manufacture of sugar from 
sugar-beets. It was greatly promoted by Achard, 
who, in 1786, produced his first harvest of beets and in 
1798 concluded his experiments. In 1802, the first 
sugar-beet factory was opened at Cunern, Silesia. 
The great strnggle between England and Napoleon and 
the ensuing Continental Blockade cut off the supplies of 
imported cane sugar, and Napoleon, whose intention 
it was to make the Continent self-sufficient, urged his 
scientists to develop the manufacture of sugar from 
materials available in Europe. The earliest researches 
were turned to grape-sugar or glucose, the production 
of which seemed fairly simple in the laboratory. 
Though the best French scientists were working on the 
solution of the technical difficulties, the production 
of grape-sugar in commercial quantities proved 
exceedingly difficult. By the time that Napoleon was 
giving up his last hope of obtaining sugar along this 
line of supply, his attention was drawn to the production 
of beet-sugar. 

The promoter of the beet-sugar production in France 
was Jean A. C. Chaptal, Comte de Chanteloup, a chemi- 
cal technologist of European fame, once Director of the 
chemical works at Grenelle, and from 1804 Minister of 
the Interior and creator of the new French chemical 
industry. For many decades, the old-fashioned 
alembic of the distilling industry, which he improved 
in minor points, bore on the Continent the name of 

“ Chaptal.” On March 25, 1811, Napoleon was induced 
to visit Chaptal’s beet-sugar factory, which had been 
in production since 1808, and was so impressed by its 
success that he turned all his scientific batteries on the 
production of beet-sugar. New factories were erected ; 
in Holland, Spakler opened the first beet-sugar factory 
in Arnhem in 1811, and the production of beets was 
taken in hand. Unfortunately, with the fall of 
Napoleon a sharp decline followed, but the industry 
recovered gradually and slowly regained its importance. 

About the time we begin to hear of Cellier-Blumenthal 
the hunt for refined sugar was at its height, powerfully 
stimulated by a prize of one million francs which 
Napoleon offered to any man who produced a good 
practical method of obtaining a uniformly c 
white sugar. In 1807, Proust had published a paper in 
the Journal de Physique in which he detailed a method 
of refining grape-sugar and other sugars with alcohol. 
Parmentier produced excellent white glucose and other 
sugars, and even obtained white sugar from honey by 
the same method. Derosne followed it up in 1808, 
and Cellier, together with Laporte, obtained a similar 
patentin 1811. All these involve the handling 
and recovery t distillation of large amounts of 
alcohol from sugar solutions, and this problem probably 
led Cellier to search for a distilling apparatus that could 
handle large quantities of liquids at a greater speed 
than the apparatus common in his day. 

Solutions for this distilling problem had been found 
and patented by the technologists of the wine centres 
of France. By adopting such new inventions as the 
counter-current condenser, etc., and by following up 
the new theories of heat and evaporation, the distillers 
of Southern France transformed their old-fashioned 
alembics and condensers into semi- or fully-continuous 
units. Edouard Adam, of Montpellier, 
started an avalanche of patents on distilling large 
quantities of alcohol from wine, which, unlike later 
German and English patents, concentrated on heat 
economy and hence did not produce the industrial 
alcohol of those days (80 per cent. and over) in one run. 
The French usually first produced from wine a 50-52 
per cent. alcohol and, by redistilling this, obtained their 
industrial alcohol. 

Adam, in 1801, hit on the brilliant idea of introducin; ing 
a series of Woulfe bottles in the vapour line between sti 
and condenser. This enabled him to achieve a proper 
equilibrium between the liquid and the gaseous phases 
of the alcohol distilled from the still; it allowed him 
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to take samples of the condensate at different Points 
and to recirculate the condensate from his “ 

the still. Thus he obtained a properly rectified alcohol 
from the final condenser. Cooling his “‘ eggs ” was his 
means of adjusting the r reflux ratio. One of 
the few really commercial distilling patents was that 
of Isaac Bérard (1805) because, with that of Adam, it 
inspired Cellier. Bérard, a distiller by occupation, 
passed the vapours from his still through a kind of 
horizontal rectifying column, consisting of a cylindrical 
tube divided into compartments by perforated plates 
and cooled in a water-trough. The condensate from 
the compartments was recirculated to the still. Adam 
lost a valuable lawsuit to Bérard, whose system con- 
tinued to be popular as late as the ’thirties, though its 
heat economy was less stringent than in the Adam 
apparatus. 

Cellier was struck by the application of the Woulfe 
bottle and the “ partial condensation” principle 
applied in the Adam and the Bérard patents. Dubrun- 
faut states that Cellier hit on the proper solution as 
early as 1808, but it is certain that he did not patent 
his invention before 1813. This invention was a still 
with a vertical rectifying column, adopting the 
“* counter-current ”’ and “ partial condensation "’ action 
of the modern column. Cellier also introduced a 
preheater on the intake, which at the same time con- 
densed the vapours from his column and thus relieved 
the final condenser of most of its duties. The apparatus 
was also designed for continuous distillation by using 
two stills, which were alternately emptied when full of 
residue. This was an idea that Adam, and after him 
several other distillers, had also used, though never so 
logically as Cellier. This Cellier patent is rightly 
regarded as the basic patent of modern distilling and 
rectifying columns. 

Cellier was soon involved in many lawsuits, for, like 
Adam, he had many imitators and his patent rights do 
not seem to have been well defined. His most dan- 
gerous adversary was Baglioni, from Bordeaux, whose 
design was used for a number of years in Languedoc. 
Cellier won his lawsuit completely and Baglioni was 
sentenced to poy y the costs. Still, Baglioni succeeded 
in obtaining flattering letters on his design from such 
eminent technologists as Dubrunfaut, Lacambre, 
Savalle, etc., and for some time continued to hold his 
own as the inventor of the distilling column; but 
Savalle, who experimented with Cellier, never doubted 
that the latter was the true inventor, and Dubrunfaut, 
as early as 1825, made his amende honorable in his 
text-book on distillation. Cellier’s inventorship was 
more publicly announced by the fact that he was 
awarded, in 1816, one of the four gold medals by the 
Société d’ Encouragement de l’Industrie Nationale de 
France which, every ten years, awarded these four 
prizes to those who had accomplished the most 
brilliant development of some French industry. A 
better proof of Cellier’s priority can hardly be advanced. 

Cellier’s financial successes were slight at this time, 
but he persevered. He took an English patent under 
the name of Duhl (No. 3965 of December 15, 1815). 
Soon after 1813, he started trials with his friend Savalle 
(the brilliant engineer who later invented the steam 
—— who possessed three sugar factories and 

distilleries in Belgium. Tradition has it that twice 
they were nearly killed by explosions, but the principle 
of the apparatus was sound, and Cellier continued to 
improve it. It was, of course, designed for the distilla- 
tion of wines, and when working with thicker mashes 
from beer or sugar-beets, the design had to be altered. 
During these experiments, he invented the “‘ bubble- 
cap.” The distilling columns were bubble-caps, as 
applied to thick mashes, were later called colonnes 
belges, and Egrot and Savalle, in their patents of these 
types of columns, state definitely that Cellier was the 
inventor of the bubble-cap column. He always 
obtained the stron est di te for the smaller fuel 
consumption and apparatus, as compared with 
those of his contemporaries, has the smallest area per 
unit capacity. 

Cellier also applied for a Dutch patent, covering the 
same ground as his French patent of 1813. He was 
then invited by the Dutch authorities to conduct trial 
runs at Amsterdam, where he arrived in July, 1816. 
The trial runs were conducted at the Foppe Distillery 
on the Roeterseiland, where he distilled ‘‘ sugar-water,” 
that is, the fermented residue of the stills and evapora- 
tors of the Dutch sugar-refineries, the nearest equiva- 
lent to the French wine which the Dutch distillers could 
let him have. The experiments were conducted in the 
presence of van Marum and Vrolik, members of the 
Koninklijk Nederlandsch Instituut, who considered 
Cellier’s apparatus ‘‘ very ingenious in separating the 
spirituous parts from the liquid,” but concluded that 
“his apparatus had no particular merits for the dis- 
tillation of malt-wine and gin over the stills in common 
use in this country.” This was correct; the dis- 
continuous distillation of small quantities "of alcohol 
by the Dutch distillers did not demand apparatus built 
for large quantities of pure distillates. Cellier’s appli- 
cation was officially rejected on September 19, 1817, 
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after he had submitted 13 designs, some of which are 
still in the files of the State Archives at The Hague. 
At Amsterdam he met Charles Derosne, a French 
apothecary and brewer, with whom he remained 
associated for several years. In the meantime, his 
experiments with Savalle continued and it seems that 
he perfected his old designs somewhere between 1816 
and 1817. He took out a new patent in 1818. Cellier 
broke off his experiments with Savalle and sold this 
patent, a few months after he had obtained it, to 
Derosne for 1,200 francs a Year. Derosne was the 
founder of the workshops at Chaillot, which became 
famous for their locomotives and sugar-refinery machi- 
nery. Derosne was the type of man who finds devoted 
collaborators and takes all the credit that they deserve. 
This was what happened to the Cellier still. Imme- 
diately after buying the patent, Derosne took out 
three additional patents under his own name, which 
improvements were due either to suggestions of Cellier 
himself or to Derosne’s able chief engineer, Cail, who 
was the outstanding technician in the firm of Derosne 
et Cail, at Chaillot. At the industrial exhibition of 
1819, Derosrie managed to get the silver medal awarded 
to him for his improvements of the Cellier still, and soon 


afterwards it became generally known as the Derosne y 


still, under which name it appears in most of the hand- 
books on distillation of the period. Apart from his 
meagre yearly pension from Derosne, Cellier received 
no return for his invention. 

Shortly after these transactions, Cellier left for 
Brussels, where he worked to adapt his system to the 
thicker mashes from breweries and sugar refineries, 
aided by the firm of Delattre and Dubois. He experi- 
mented many years with van Volxem, the owner of a 
sugar factory and distillery, and inventor of a preheater. 
While he lived at Brussels, Cellier took out 15 patents 
on evaporating in vacuo, on a beer-cooler (which inci- 
dentally is the prototype of the popular Baudelot 
cooler), etc. Until his death, he suffered from Baglioni 
and his friends, and from the neglect of the authorities, 
who failed to recognise his merits. He died in Brussels 
on August 30, 1840. 





NEWSPRINT PRODUCTION IN CANADA.—The production 
of newsprint paper in Oanada during the year 1947 
totalled 4,446,789 tons, against 4,143,392 tons in 1946. 





TRANSPORTATION OF FRACTIONATING COLUMN TO 
Lonpon Docks.—An all-welded steel fractionating 
column for an oil-refinery plant in Venezuela was con- 
veyed by road from the works of Messrs. G. A. Harvey 
and Company (London), Limited, Greenwich Metal 
Works, Woolwich-road, London, S8.E.7, to the Royal 
Albert Dock, on Sunday, April 11. The column weighs 
108 tons, has a height of 83 ft. 4 in. and an inside diameter 
of 10 ft., and was mounted on a road vehicle of special 
type which had to make a long detour through Chariton, 
Kidbrooke, Lee, Lewisham, Ladywell, Brockley, Forest 
Hill, Peckham, Camberwell, Kennington, over Lambeth 
Bridge, Millbank, Victoria-street, Grosvenor-gardens, 
Hyde Park Oorner, Piccadilly, Park-lane, Marble Arch, 
Edgware-road, Euston-road, City-road, Old-street, Com- 
mercial-road, Beckton-road, East Ham, and Manor-way 
to the Royal Albert Dock, a total distance of some 
30 miles. The S.S. Loch Ryan is taking the column to 
Venezuela. It will be filled with air at 25 Ib. per square 
inch during the journey, and, on arrival at Punta Cardon, 
it will be lowered into the sea to be floated ashore in the 


TRAINING AIRCRAFT. 





TWO-SEAT TRAINING AIRCRAFT. 


THE two-seat training aircraft illustrated above has 
been developed by the Avions Fairey Company, of 
Belgium, a subsidiary of the Fairey Aviation Company, 
Limited, Hayes, Middlesex, for use by flying schools. 
The machine has been cleared for all aerobatics and is 
capable, therefore, of embracing all phases of modern 
training from first flight to blind flying. It has been 
designated the Primary Trainer and, as will be seen 
from the illustration, is a low-wing mono in 
which the seats are arranged in tandem, the cockpits 
being completely enclosed by transparent hoods. 
Dual weataale are fitted and these are a so that 
the aircraft can be flown solo with equal facility from 
either cockpit. 
The s of the aircraft is 32 ft. 10 in., while the 
overall length and height are 27 ft. 6 in. and 6 ft. 11 in., 
respectively. The wing area is 154-5 sq. ft., which, 
with a maximum all-up weight of 1,826 lb., gives a 
wing loading of 11-8 lb. per square foot. The fuselage 
is of triangulated construction and is built up from 
steel tubes used in conjunction with bronze-welded 
joints. The front end of the fuselage is covered with 
detachable panels of light alloy while the centre section 
is covered on each side by three-ply wooden panels, 
which also are removable. The portion of the fuselage 
between the rear of the back seat and the tailplane, 
however, is formed by spruce stringers fitted to Duralu- 
min tubes bent to give the required profile, the complete 
structure being covered by doped fabric. The wing 
is constructed in three parts, the centre section forming 
a unit construction with the fuselage. It is of com- 
ite wood-and-steel construction, the spars being 
abricated from bronze-welded steel tubing, and the 
ribs being built up from spruce and birch. The 
ing edge is covered with birch three-ply while 
the remainder of the wing, together with the ailerons, 
is covered with doped fabric. 

The undercarriage consists of two medium-travel 
fixed legs of the oleo-pneumatic type, which are fitted 
through attachment pieces to the front spar just 
inboard of the joints with the outer portions of the 
wings; the wheel-track is 6 ft. 4 in. The wheels are 
fitted with mechanically-operated Bendix brakes which 
can be used either together or separately. The tail skid 
is constructed from steel tubing and is provided with a 
shock absorber. The tail wheel is free to turn through 
a complete circle about a vertical axis, and can be made 
integral with the rudder so as to assist in ground 
maneuvring. The tail unit is constructed entirely of 
wood. The tail-plane incidence can be regulated on 
the ground, and the elevator trim is controlled by a 
trimming flap which can be manipulated from either 
cockpit. 

As previously mentioned, both cockpits are com- 
pletely enclosed by transparent hoods, arranged so 
that, although continuous, the view forward from 
the rear cockpit is almost as good as that obtained 
from the front cockpit. This has been achieved by 
converging the hood side panels between the two 
cockpits so that they meet the rear windscreen and form 
a -shaped tunnel of varying cross-sectional 
area between the two cockpits. This leaves two 
outer forward-facing segments of the rear wind-screen 
through which the pilot can obtain good forward 
vision, while the triangular-sha tunnel permits 
communication between the two pilots. The triangular 
spaces formed between the converging side panels and 
the lower of the rear windscreen are filled in 


removed easily for access to the back of the rear instru- 
ment board. 

The aircraft is fitted with a de Havilland Gipsy Major 
Mark X engine which develops 145 brake horse-power 
at 2,550 r.p.m., but a Cirrus engine, developing 
155 brake horse-power can be fitted as an alternative ; 
in each case a Fairey all-metal fixed-pitch airscrew is 
used. When fitted with the Gipsy Major engine, the 
aircraft has a maximum speed at sea level of 135 miles 
an hour, while the cruising speed is 104 miles an hour 
with the engine running at 2,300 r.p.m. The cruising 
range is 395 miles, the fuel consumption, at an engine 
speed of 2,300 r.p.m., being 7-5 gallons an hour. The 
service ceiling is 15,200 ft. and the absolute ceiling 
17,320 ft., the rate of climb at sea level and at an 
altitude of 7,000 ft. being 1,020 ft. per minute and 624 ft. 
per minute, respectively. 





AUSTRALIAN MICA. 


THE bulk of the world’s requirements of high-quality 
mica, the value of which in electrical and radio equip- 
ment and in several other industries is well known, 
comes from India, the most important deposit being 
the famous mica belt in Bihar, the State bordering 
on Bengal. Among other sources of the mineral 
in the British Empire is one in Central Australia, 
which is stated to have an area about equal to that 
of the Bihar belt. It is situated in the Harts Range, 
a low rugged chain of hills some 140 miles north-east 
of Alice Springs, the northern terminus of the Central 
Australia Railway, which runs’ from Port Augusta 
in South Australia. According to a statement issued 
by the Australian Trade Commissioner in London, 
the deposit was worked spasmodically for some years 
before 1939, but the increasing war-time demands for 
mica caused the Australian Government to take con- 
trol. Financial help and facilities for acquiring machi- 
nery were provided, graded roads were made and 
communications established. These measures gave an 
impetus to production which has continued until the 
present time, although only about 80 men are now 
engaged in the field, many of whom, it appears, still 
employ somewhat primitive methods. 

owards the end of last year, a mineral economist, 
who is familiar with the Indian mica industry and who 
was impressed by the quality of the mica coming from 
the Harts Range, inspected the deposit and existing 
workings. After his return, he re that, in his 
opinion, the field should be worked on a large scale 
and that it was — the most important single 
natural resource of Central Australia awaiting develop- 
ment. Present annual outputs of mica totalled between 
600 and 1,000 cwt., whereas an organisation constituted 
on adequate lines should be able to produce 5,(00 cwt. 
of block mica per annum when well established. 
About 60 per cent. of the mineral consisted of “ ruby ” 
mica, a variety having a reddish tinge when in “ book ws 
or block form, while the remaining 40 per cent. con- 
sisted of “‘ green ” mica having a greenish hue when in 
the same condition. The suggested annual output of 
5,000 cwt., the economist stated, represented between 
13 and 15 per cent. of the world’s production of high- 
quality mica and involved the treatment of 83,000 tons 
of rock per annum. A eutting and splitting plant 
would have to be installed and, in addition to dwellings 
for the miners, amenities would have to be provided in 
the form of schools, shops, hotels and recreational facili- 
ties. These would be necessary to attract labour to the 
district, the climate of which, in summer, is hot and 
very dry. That a development move appears to be on 
foot is indicated in an announcement in the Trade 
Commissioner’s statement that a mining group of 
firms having overseas affiliations are at present n 
tiating with the Federal Government for the granting 
of leases for the exploitation of the deposit on a large 
scale. In view of the obvious importance of the Harts 
Range field, further developments will be awaited with 
interest. 





NAVIGATIONAL OONTROL BY 100-MEGACYCLE RaDIO 
APPARATUS.—The mobile wireless equipment designed 
for police use by Marconi’s Wireless Telegraph Company, 
Limited, Chelmsford, is now being employed at Douglas, 
Isle of Man, and at Wallasey, for the control of shipping 
in thick weather. A frequency of about 100 megacycles 
per second is used. A number of such services can 
therefore be operated without mutual interference and 
many more channels are available for communication. 
Interference from lower frequency communication 
systems and atmospheric disturbances is also less. At 
Douglas, the equipment is used in connection with a radar 
navigational system for directing the movement of ships 
when the visibility is bad, while at Wallasey it is em- 
ployed to give information regarding shipping and 
obstructions to the Mersey ferries. Two of the towing 
companies operating on that river are also installing 
similar equipment to provide easy tug-to-shore and tug- 








absence of more orthodox landing facilities. 


with light-alloy sheets arranged so that they can be 





to-tug communication. 
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THE RECORDING OF ELECTRICAL 
AND OPTICAL TRANSIENTS. 


A LecTuRE on “The Recording of Electrical and 
Optical Transients” was delivered by Messrs. H. A. 
Prime and R. F. Saxe before the Measurements Section 
of the Institution of Electrical Engineers on Friday, 
April 2. In recording transient phenomena, either 
the amplitude of a parameter as a function of time ; 
the spatial distribution of the phenomenon as a function 
of time, or the state of appearance of the phenomenon 
at some discrete instant during its life usually required 
a The first of these characteristics was 
invariably associated with electrical, and frequently 
with optical, transients. The second and third were 
principally associated with optical transients and 
direct photographic techniques were used for recording. 

The cathode-ray oscillograph afforded the most 
satisfactory method of presenting the amplitude of a 
parameter as a function of time. The two parameters 
of significance in the case of electrical transient pheno- 
mena were the voltage and current. The voltage 
might be applied either directly or through a divider 
network to the deflecting plates of the cathode-ray 
tube, while a current transient could be converted into 
a voltage transient by a shunt. With optical transients, 
the parameter which could be displayed as a function 
of time was the intensity of light. Conversion to an 
electrical transient could be accomplished by photo- 
electric technique and the high performance of a modern 
photo-multiplier tube enabled an adequate linear 
conversion to be obtained. The resulting electrical 
transient might require video amplification and this 
imposed limitations on the ultimate performance. The 
techniques of recording the intensity of light as a 
function of time could be extended to indicate other 
characteristics. 

Comparing the relative merits of the continuously- 
evacuated and sealed-off types of recording oscillo- 
graph, it was pointed out that the latter had numerous 
advantages, such as lower cost, ease of replacement 
and maintenance, greater speed of recording, lower 
voltage supplies and higher sensitivity. Greater 
experience of its potentialities would probably result 
in its more extensive application and use. The higher 
sensitivity made its use almost imperative for recording 
optical transients where amplification was the limiting 
consideration. In the past, the lower sensitivity of the 
continuously evacuated type had been accepted as a 
consequence of the extremely high writing speeds that 
could be recorded with it. It had been found, however, 
that comparable speeds could be obtained with the 
sealed-off type. On the circuit side, modern time-base 
techniques had resulted in the improved linearity of 
single-stroke time bases. : 

Direct photographic recording techniques were 
naturally restricted to optical phenomena. At present, 
two methods were in use. The first depended on the 
fact that if an optical i of the transient were 
caused to move relatively to the photographic emulsion, 
temporal variations in the shape, disposition and 
brilliance of the phenomenon might be delineated. 
This relative motion could be produced either by 
mounting the film on a rotating drum, or by scanning the 
image across the emulsion by a rotating mirror. This 
technique was, however, restricted to phenomena such 
as sparks, in which the dimensions in the direction of 
scanning were small. Otherwise the temporal and 
spatial displacements tended to become confused. 
The second method made use of the Kerr cell electro- 
optical shutter to obtain an e which was short 
compared with the duration of the transient. In this 
way a still photograph of the transient at some instant 
during its life was obtained. A high intensity of 
illumination was essential owing to the small effective 
aperture of the Kerr cell, while the use of nitrobenzene 
in the cell restricted the spectral response. 

In the discussion which followed, the advantages and 
disadvantages of continuously evacuated and sealed-off 
oscillo formed the principal subject of debate. 
It was claimed for the P me that it could give a 
picture of superior quality and fineness of line, while 
quantitative records of transients of duration less than 
a microsecond could be made to an engineering degree 
of precision, say, 1 per cent. The elimination of energy 
conversion loss in an intermediate fluorescent screen 
also gave this type an advantage in writing speed, 
while the disadvantages of low deflection sensitivity 
and high input capacitance could be substantially 
offset by attention to the design of the associated 
amplifier and coupling circuits. The majority of the 
speakers, however, were in favour of the sealed-off 
oscillograph, because more could be employed for a 
given cost and more records could be taken in a given 
time. The advantage of portability was also stressed. 
The possibility of simultaneous time calibration b 
intensity modulation of the beam eliminated a 
possibility of error due to drift of the accelerating 
voltage between the recording of a transient and the 
application of a timing wave. 





LABOUR NOTES. 


DEALING with the subject of incentives in the course 
of his Budget speech, Sir Stafford Cripps said that it 
was impracticable to remove income-tax on overtime 
and bonus payments. The only practical way, he 
declared, lay in increasing earned income relief and, 
at the same time, giving relief on the scale of graduation, 
so that the great majority of all employees would be 
relieved from any liability at the standard rate. 





He proposed, the Chancellor said later, to give a 
wife in employment the benefit of reduced rate reliefs 
as well as her husband. The wife will enjoy isely 
the same allowances as the single woman with whom 
she works. That would cost, he estimated, 4,500,000I. 
in a full year and 2,000,0001. this year. 





Officially-compiled figures relating to the coal-mining 
industry indicate that the percentages of absenteeism 
for all colliers in the week which ended on March 27 
was 5-56 voluntary, and 5-15 involuntary, com 
with 5-55 voluntary, and 5-13 involuntary in the 

revious week. The output per man-shift at the coal 
face in the week which ended on March 27 was 2-85 tons, 
compared with 2-93 tons in the previous week. The 
overall output per man-shift was 1-08 tons, compared 
with 1-11 tons in the week which ended on March 20. 





A stoppage of dock workers in the Port of London 
last week affected, for a time, at least 50 ships. The 
strikers, who are members of the National ted 
Stevedores’ and Dockers’ Union, which approved their 
action, complained that members of the rt and 
praca Workers’ —- — to work with them 

they joined the o isation. As a 
result, pag wharf r ions N.A.S8.D.U. 
members to another wharf. An official of the smaller 
union said that if the manager reversed his decision, the 
stoppage could be ended immediately. Officials of 
the two unions eventually agreed on settlement terms, 
and the men resumed work. 





Temporary civil servants have formed a trade union 
of their own, called the National Association of Tempo- 
rary Civil Servants, because, they allege, the normal 
Civil Service associations neglect their interests—and 
= only those of the permanent staff. In its 

test bulletin, the new Association claims that it is 
obtaining substantial numbers of recruits in spite of 
opposition from other organisations, and states that it 
intends, in due course, to apply for recognition to the 
Treasury. Two of the Association’s principal claims 
are (1) that the staff associations have failed to obtain 
equal pay and conditions for temporary employees doing 
the same work as permanent staff ; () that while 
trained temporary staff are being dismissed as redun- 
dant, after having put in years of loyal work during the 
war, untrained young people are being recruited. 





The Whitley Council has arranged for only 15,000 out 
of 400,000 temporary staff to be established. In the 
negotiations which led up to this decision, no tempo 
civil servant was present. One of the new association’s 

incipal for attack will be, it is stated, the 

ivil Service Clerical Association, which has, it is 
— failed to better the conditions of the temporary 
civil servant, notwithstanding its promises, and the fact 
that 90,000 of its 110,000 members are temporary staff. 


The Ministry of Labour and National Service states 
that, in February, there were 176 stoppages of work due 
to industrial disputes, and, in addition, 18 which had 
begun earlier, were still in progress at the beginning 
of that month. These 194 stoppages involved 71,100 
persons, and resulted, in February, in an te loss 
of 288,000 working days. Of the disputes, 105 involv- 
ing 42,400 persons, and resulting in a loss of 106,000 
working days, were in the coal-mining industry. There 
were 39 stoppages in the metal, engineering, and 
shipbuilding industries resulting in a loss of 123,000 
working days, and 19, resulting in a loss of 50,000 
working days, in the transport industry. 





In the first two months of the current year, there were 
352 stoppages involving 98,200 persons and resulting 
in a loss of 370,000 working days. In the corresponding 
period of 1947 there were 303 stop 8 involving 
134,200 persons, and resulting in a loss of 570,000 
working days. 


Statistics compiled by the Ministry of Labour and 
National Service show that in Feb there was an 
aggregate increase of 125,0001. a week in the wages of 
470,000 employees. The industries affected included 
cotton weaving; the hosiery trade in the Midlands; 








electrical cable-making ; the rope, twine and net trades, 
and the manufacture of paper boxes and paper bags. 
Certain wage increases for printers and for railway 
employees, which took effect in February are not in- 
cluded in the official total because they were not made 
known to the Ministry in time. In the first two months 
of 1948, increases have totalled 230,000/., and 802,000) 
persons have been concerned. 





In the report which the General Council of the 
Trades Union Congress made to the conference of trad 
union executives, it was stated, it will be recalled. 
that the Crisis Committee would review the position 
in the light of the Budget proposals, and take any 
steps that might be n them. Similar 
reviews, it was added, would be made at regular 
intervals thereafter, and as a result of them, further 
meetings of the Crisis Committee and representatives 
of the Government would probably take place. A 
meeting of the General Council was held on Monday 
last and, during it, it is understood, points which 
might usefully be discussed with the Chancellor of the 


pared | Exchequer were indicated. The increased duties on 


beer and tobacco are known to be unpopular, but the 
main concern of the Council is not unlikely to be about 
the case of persons who are earning less than 61. a week. 
The gen opinion seems to be that they ought not 
to be prevented from pressing claims for increases of 
wages. : 


The decision of the National Union of Vehicle 
Builders to give official sanction to a strike of vehicle 
builders in support of a demand for an increase of wages 
was unfortunate from more than one point of view. At 
the height of the trouble about 20,C00 vehicle builders 
were involved, and, in addition, 2,0C0 members of the 
Wood-cutting Machinists’ Union. The effect of the 
stoppage on the Government’s export plans was serious. 
But, as the Minister of Labour and National Service had 
formally referred the matter to the National Arbitration 
Tribunal, far and away the most serious effect was to 
reveal a discouraging dislike of discipline in an impor- 
tant section of trade unionism’s adherents. It is 
sincerely to be hoped, in the national interest, that 
other unions which are pressing for wage increases will 
not follow the example. 


Another letter has been sent by the Minister of 
Labour and National Service to Wages Councils and 
Wages Boards. It takes the place of the earlier 
communication, which was withdrawn when the Trade 
Union Congress General Council protested that it 
might be regarded as intervention in the free negotiation 
of wages claims. In the second letter, Mr. Isaacs asks 
the Councils and the Boards to have in mind, when 
dealing with claims, the principles laid down in the 
Government’s White Paper on personal incomes, costs 
and prices. enn 

The Minister of Labour and National Service has the 
duty, under the law, of confirming pro made by 
Wages Councils and Wages Boards. ause of that, 
he says in this letter that he would be assisted if Councils 
and informed him that in their deliberations 
they have taken the White Paper into full account. 
He, therefore, asks that a memorandum to that effect 
should now accompany any wages proposals submitted 
to him. He observes that the present economic 

ition calls for the utmost co-operation throughout 
industry and recalls that the Government it 
as of first importance to maintain unimpaired the full 
responsibility of voluntary joint negotiating machinery 
for deciding terms and conditions of employment. 


The changes in hours of labour, reported to have come 
into operation in the United Kingdom during February, 
resulted in an average reduction of about two hours a 
week for about 90,000 workpeople. The principal 
groups affected were workpeople employed in the 
acre Gee ae (including beauty specialists), whose 
normal weekly working hours were reduced from 48 to 
46; electricians employed on electrical installation 
and maintenance work in d, whose normal 
weekly working hours were reduced from 47 to 44 for 
day Sots’ and from 45 to 44 for night-shift workers ; 
wor! in the silica and moulding-sand industry. 
with > cohatien from 48 to 44 hours in the oma 
working week averaged throughout the year; and work- 

in the refractories and silica-brick industries in 

and Wales other than kilnburners, boiler 

firemen, and other shift workers with a reduction from 
48 to 44 hours in the normal working week. 





During the first two months of the current year 
changes in hours of labour reported to have come into 
operation in the United Kingdom are estimatea by tbe 
Minist istry of Labour and National Service to have 
resulted in an average reduction of about three hours a 
week for about 185,000 workpeople. 
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LONGITUDINAL VIBRATION OF 
MARINE PROPELLER SHAFTING.* 


By C. P. Riesy, B.Sc., A.M.I.Mech.E. 


DurtnG the past five years, a considerable amount of 
work has been devoted to the problem of longitudinal 
vibration of propeller shafting. Experimental work 
has included the measurement of vibration during sea 
trials of ten ships and a static deflection test of a thrust 
block on shore under full thrust load. Theoretical 
work has consisted of analysing trial results to obtain 
fundamental data and then using that data to predict 
the behaviour of the shafting in new designs or the 
effect of modifications proposed for existing ships. 
There are still gaps to be filled in and this paper must 
be regarded, therefore, in some aspects, as an interim 


report. 

thn 1937, H.M.S. Warspite completed an extensive 
reconstruction which had included replacement of the 
original direct-drive machinery by modern geared 
turbines. The new engines proved satisfactory in all 
normal respects until steering trials commenced, when 
the claw-type flexible couplings between the turbines 
and pinions of the inner shafts suffered serious damage. 
The damage consisted of scoring, rapid wear and even 
seizure Of the mating claw faces. Typical damage is 
illustrated in Fig. 1, herewith. The first action was to 
increase the supply of oil to the couplings, but further 
trials showed little improvement and it was concluded 
that excessive loads were being applied by vibration. 
After a most comprehensive investigation, it was dis- 
covered that a heavy longitudinal vibration occurred in 
the inner shaft on the outside of a turn and that this 
vibration involved rapid fore and aft sliding of the 
coupling claw faces. It was concluded that the cause 
of the vibration lay in the fact that, with the stern of 
the ship swinging round, the inner propeller was work- 
i ly in the wake of the outer screw, located 24 ft. 
farther forward. (See Fig. 2 page 382.) Further trials 
were carried out to discover how to avoid the condition, 
and it was concluded that the only effective method was 
to eliminate the slipstream of the wing propeller on the 
outside of the turn by almost closing the main throttle 
valve of that set of machinery when turping at high 
speeds. This reduced the amplitude of vibration by 
one half, from an average maximum of + 0-050 in. to 
+ 0-025 in. In addition to the flexible-coupling dam- 

there was heavy hull vibration in the aft portion 
of the ship, and serious leaks developed in the region of 
the propellers. The “easing’’ procedure described 
above prevented the recurrence of both troubles. 
Following this experience, the Queen Elizabeth and 
Valiant, then being re-engined, were fitted with over- 
sized main thrust blocks, and at the same time the 
“easing” rules were applied to all battleships except 
the twin-screw Rodney and Nelson. 

The trials of the Warspite were not followed up by 

any further investigation, presumably because the 
easing procedure was so successful, but in new construc- 
tion some consideration was given to the fore and aft 
distance between wing and inner propellers. It is 
evident that, if all propellers could be placed abreast, 
the trouble could not arise, but such an arrangement 
would be most undesirable in a warship from the point 
of view of action damage. For this reason, the only 
possible improvement appeared to lie in increasing the 
distance, and in more recent ships this is of the order of 
40 ft. to 50 ft. 
_ The author’s attention was first drawn to the problem 
in 1943, during discussion regarding an apparent 
critical speed in H.M.S. Furious at about two-t of 
full-power revolutions. Calculations were made of the 
natural frequencies of torsional, lateral and longitudinal 
Vibration and the latter seemed the most probable, 
although it was necessary to make an unexpectedly 
large allowance for flexibility in the thrust bck and 
seat in order to match the observed speed. Subsequent 
inquiry revealed that the thrust blocks of the inner 
shafts did become extremely lively at the speed in 
question and that loosening of bolts, keys and rivets 
was @ occurrence. 

At this stage the records from the Warspite were 
re-examined, and the longitudinal natural uency 
was calculated, making similar allowances for thrust- 
block flexibility. The calculations gave a natural 
frequency of about 900 cycles per minute, correspond- 
ing to a critical speed of 300 r.p.m. (that is, full power) 
with three-bladed propellers. From these results, it 
was concluded that resonance between propeller im- 
pulses and the natural frequency was largely respon- 
sible for building up high amplitudes of vibration. It 
was also concluded that the propeller-thrust variatio: 
existed on straight course due to the blades passing 
through the comparatively dead water near the hull, 
and was much accentuated during turns if the blades 
also encountered, at the opposite end of a diameter, 





; * Paper read at a meeting of the Institute of Marine 
Engineers, held in London on February 10, 1948. 
Abridged. 
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the fast-running water in the slipstream from the wing 
screw, as shown in Fig. 3, on 2. 

Complaints were received at about this time from 
the Illustrious class, three-shafted ships, rding 
excessive vibration and difficulty in keeping packing in 
the centre-shaft stern gland. More recently, these ships 
have suffered from loosening of stern-tube bushes, loose 
rivets in thrust-block seats, and unduly rapid wear in 
the flexible couplings. Here again the speeds reported 
agreed with the calculated longitudinal critical of the 
centre shaft. A further fillip was given to investigation 
by protests against the operational inconvenience of the 
easing procedure laid down for battleships, which made 
it necessary to sound the warning bell to the appropriate 
wing engine room before each turn, and also upset the 
operation of the boilers in that unit. Another less 
serious complaint concerned the resulting slight increase 
of turning-circle diameter and time to turn. 

The conclusions so far reached, on admittedly slender 
evidence, suggested that resonance was an important 
factor in building up high amplitudes and that it might 
be possible to reduce the vibration to acceptable limits 
if it could be avoided. Two possible methods pre- 
sented themselves : moving the thrust block farther 
aft and so raising the critical above full speed, or increas- 
ing the number of propeller blades and running through 
the critical at a lower power, where it might be harmless. 
The first method was attractive in that it avoided any 
loss of efficiency which might arise from a propeller 
with more than three blades, but could not readily be 
applied to existing ships. It was approved in certain 
new construction, but unfortunately, the vessels 
concerned are among those cancelled at the close of the 
war. The second method was obviously the simplest 
for ships in service and appeared promising, provided 








Fia. 1. 


that such a propeller could be made to work without 
excessive cavitation. 

Arrangements were made to carry out vibration 
measurements in H.M.S. Formidable, with a view to 
ordering a five-bladed propeller for the centre shaft 
if the results confirmed the importance of resonance. 
Similar trials were also arranged for new aircraft 
carriers, then nearing completion, and it was hoped that 
sufficient fundamental data would be collected to allow 
reliable prediction of the performance of any arrange- 
ment of shafting and number of propeller blades. The 
data required consisted principally of the following : 
flexibility of thrust block and seat, weight of entrained 
water to add to the propeller, propeller-thrust variation 
and damping constant, and the effect of turns. Arrange- 
ments were made also to measure the amplitude of 
vibration of the main gearwheel, the thrust-block 
casing, and the shaft in the gland compartment. In 
addition, the forward movement of the main gearwheel 
relative to the gearcase and the forward movement 
of the shaft in the gland compartment were recorded. 
The programme included measurements of amplitude 
and frequency at a planned series of speeds on a straight 
course, turns at the critical speed and at full power with 
a series of different rudder angles and with the outer- 
most wing shaft both “eased” and “ uneased,” and 
the measurement of amplitude at various points on 
the thrust block casing and seat at a constant speed. 
More recently, direct measurement of the forward 
movements, and also the vibration measurements in 
the gland compartment, have been omitted for reasons 
which will a later. 

In all, trials have been carried out in one quadruple- 
screw battleship, two quadruple-screw carriers, two 
triple-screw carriers, three twin-screw carriers, one 
quadruple-screw cruiser, and one twin-screw destroyer. 
With the exception of the twin-screw carriers, which 
have liner-type bossings, and the centre shafts of the 
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Meo all the propeller shafts have been carried in 
“A” brackets. So far, only one five-bladed propeller 
and two four-bladed propellers have been tested, the 
remainder being three-bladed. The results from 
another pair of fives should become available next 
year and those from further fives and fours in two or 


years, 
The range of frequency concerned, from 300 to 1,250 
vibrations per minute, is not well provided for in 


respect of instruments. For instance, 
the inductive type of electrical pick-ups of the Sperry 
M.LT. set, which has proved such a valuable tool in 


investigating vibrations in marine reduction gears, do 
not — satisfactorily to such low frequencies. 
This difficulty has led to the use of three entirely distinct 
t of instrument. The first includes the Cambridge 
vibrograph and the Kelvin vibrograph, both of which 
are hand-held semi-seismic instr ts which produce 
a scratched record, the former on a celluloid strip and 
the latter on pink waxed paper. Each automatically 
time-marks the record, the former from a separate 
clock and the latter in a less constant manner from the 
rotation of its own paperdrum. In each, the scratching 
stylus is connected to a spring-loaded probe which is 
held against the vibrating object with sufficient pressure 
to bring the stylus to a central position on the strip. 
Both instruments are satisfactory for their part of the 
job, which is to provide a visible record from which 
frequency and shaft speed can be checked relative to 
each other. They are not altogether satisfactory for 
amplitude measurements, because, although the human 
body is an excellent damper, the calibration does 
appear to vary with different individuals and to be 
affected by the fact that the operator is standing on a 
vibrating base. Neither is convenient for use on a 
rotating shaft, such as the forward end of the gearwheel, 
because the spring pressure is not sufficient to hold a 
push rod in firm contact. 

The second type of instrument used is the General 
Radio vibration meter. This has a crystal pick-up 
contained in a case which can be held firmly against a 
push rod, bearing on the forward end of the gearwheel 
shaft. The crystal pick-up responds to acceleration and 
the resulting small electrical impulses are amplified and 
integrated twice to give a root-mean-square vibration- 
amplitude reading on a galvanometer. The instrument 
does not, in the ordinary way, give any indication of 
frequency, being designed for use with a low-frequency 
analyser which has not yet become available in this 
country; but it can, by the operation of selector 
switches, read acceleration or velocity instead of ampli- 
tude and, for a purely sinusoidal vibration, frequency 
can be deduced, from the relative values of these quan- 
tities. It has been used during these trials purely to 
measure amplitude and, except in the Warspite, is 
responsible for all the amplitude figures quoted. Very 
great patience is required of the operator because the 
instrument has annoyingly unstable tendencies, and he 
must watch and wait until he considers it has settled 
down before taking a reading. Similar patience, a 
steady hand, and physical endurance are required 
of the individual who holds the pick-up, often in a posi- 
tion of acute discomfort. Despite rubber feet, the 
instrument picks up vibration through its case and 
must, therefore, always be held on the operator’s knee. 
A check calibration is made before and after every trial. 

The third instrument used was a vernier gauge, made 
for the purpose of measuring amplitude in the gland 
compartment. A section of the shaft was painted dull 
black and a circumferential line scribed through the 
paint to the bright surface while turning slowly 
and in the absence of vibration. When longitudinal 
vibration occurred, the fine bright line expanded into 
a broader bright band and the vernier gauge, mounted 
on a bracket close to the shaft, was used to measure the 
width of the band. The forward movement of the main 
—— telative to the gearcase was measured with 
eelers and block gauges. A hole was drilled through 
the forward end cover in way of the end of the shaft, 
and a push rod inserted and held against it, as shown 
in Fig.4,on page 382. Measurements were made between 
the head of the pin and the outside of the end cover. 

The readings taken during the first sea trials, on an 
inner shaft of a quadruple-screw carrier, showed clearly 
that there was a longitudinal critical speed, in this 
case slightly below full power, and that the frequency of 
vibration, as expected, was equal to three times the 
speed of revolution. A plot of vibration amplitude at 
the thrust block against r.p.m. was found to conform 
roughly to the shape of the resonance curve for a single 
degree of freedom system, with a dynamic magnifier at 
resonance of ten. This meant that the propeller-thrust 
variation, plus and minus some three tons, was being 
magnified tenfold by resonance to an alternating force 
of 30 tons, and confirmed the importance of resonance 
in building up large amplitudes. The effect of turns 
was investigated at full power and the results obtained 
were generally similar to those from the Warspite. 
It was found that, when turning to starboard with 
equal power on all shafts, the amplitude of vibration 
of the port inner shaft was increased four to five times, 
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while, for a similar turn with the port outer shaft eased 
to 50 lb. per square inch steam pressure, the multiplier 
was only two. The multiplier of four, in conjunction 
with the dynamic magnifier of ten, was increasing the 
3-ton thrust variation to the considerable figure of 
it 120 tons, approximately equal to the full thrust 
load. 

The trials in H.M.S. Formidable followed some 
three months later and the results were generall 
similar, except that the amplitudes on straight course 
were somewhat greater, and the effect of turns rather 
less. In this case, the critical s was lower and 
turns were carried out both at power and at the 
critical with peculiar and misleading results, in that 
the amplitude of vibration was found to be the same 
in both cases. This led the author to conclude that 
the effect of turning increased very rapidly ee seme 

ical well 


and later to hope that a new ship, with a crit 





below full power, would prove satisfactory with three- 
bladed propellers, an illusion rudely shattered by her 
first sea trials. It is now considered that the similarity 


of amplitude in the two cases must be attributed 
either to the rapid c of shaft gn occurring 
during turns, or to the down of the vibrating 
system when thrust reversal occurs. The maximum 
amplitude observed in most ships has been approxi- 
mately that required to cause the pressure on the 
thrust _ to vary from zero to double the steady 
thrust, but the vessel mentioned above proved a com- 
plete exception to this rule: the thrust collar jumped 
the full axial clearance between ahead and astern 
pads, and the pinions were thrown the full axial clear- 
ance of their teéth, moving over a } in. 

ig. 5, herewith, shows the amplitude of vibration 
of the main gearwheel in the Formidable, plotted 
against r.p.m., and the dotted curve below is the predic- 
tion made at that time for the probable performance 
of @ five-bladed pro: - It should be appreciated 
that somewhere to the right there is, theoretically, an 
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alarming second critical, the position of which depends 
on the very elusive relationchip between thrust-block 
flexibility and propeller entrained water. Fear of this 
second critical would have led to the choice of four rather 
than five blades, but it was considered that the former 
would give an even greater thrust variation than three 
blades if used behind the sternpost structure in way of 
this centre shaft. 
The five-bladed = shown in Fig. 6, herewith, 
was tried in HMS. ustrious (a sister ship of the 


y | Formidable) two years later, and it will be seen that 


the results were even better than the original ion 
The improvement when turning was y striking 
and the movement of the thrust block is now barely 
ible under the worst conditions. Similar 
improvement has been found on fitting four-bladed 
pellers to the twin-screw carriers. ese vessels 
ve liner-type bossings instead of the usual naval “‘A” 
brackets, and it was expected that this feature would 
increase the propeller thrust variation. Trials were 
accordingly arranged in an early ship of the class and, 
as expected, a critical speed was found in the long star- 
board shaft. The shorter port shaft proved to have its 
critical above full power. The effect of turning was 
not serious with twin screws and it was not expected 
that the amplitudes observed would cause any damage. 
There was, however, considerable vibration of the hull 
and bridge structure at the critical speed of the star- 
board shaft, and, for this reason, two starboard 
four-bladed pro’ were ordered. These propellers 
have now been fitted with satisfactory results, as shown 
in Fig. 7, herewith. 

The trials in the four-shaft cruiser and the twin- 
screw destroyer were arranged to find out whether it 
was necessary to give any th t to longitudinal 
vibration in new ships of those It was con- 
cluded that longitudinal criticals should be avoided by 
design in the former, but might be accepted in the 
latter, provided that the critical was well below 
full power. Other trials have yielded more compre- 
hensive data on various aspects of the problem, includ- 
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ing the effect of speed and rudder angles on the multi- 
plier for turns. 

-The first sea trials indicated that the thrust block 
itself, apart from the seating, was surprisingly flexible, 
and it was therefore decided to carry out a static deflec- 
tion test on shore. This was done by Messrs. John 
Brown and Company, using a thrust block belonging 
to a ship then under construction. A steel seating 
was built to carry the block and a hydraulic ram which 
was arranged to push on the aft end of the thrust shaft. 
Reference points for measurement were provided by 
brackets supported independently from the shop floor, 
as shown in Fig. 8, herewith. Forward movements 
were recorded at the forward end of the thrust shaft, 
on the gland face each side at both forward and aft 
ends, and at the forward end of the block base. Ver- 


. | tical movements of the base were recorded at each end, 


as it was realised that the steel seating would deflect 
and allow some tilting. Three tests were carried out. 
For the first, loads of zero, 30, 60, 90 and 120 tons were 
used. As the results showed a pronouncedly non-linear 
character below 30 tons, the loads for the second and 
third tests were altered to 8-5, 38-5, 68-5, 98-5 and 
128-5 tons. This change did not alter the non-linear 
character of the deflection and, as the results of all 
three tests were very similar, they have been averaged. 

In working up the results, correction has been made 
for the deflection caused by the measured horizontal 
and vertical movements of the base, and the graphs of 
Fig. 9, o ite, show the forward deflections of the 
shaft, the forward face and the aft gland face, caused 
by deformation of the thrust block itself. It is evident 
that, for vibration purposes, the effective flexibility is 
not the total deflection, but the slope of the line at the 
average thrust obtaining at the speed in question. Thus 
the total forward movement of the shaft is 0-0317 in. 
for 120 tons, but the effective s: constant is repre- 
sented by a deflection of 0-0317 in. minus 0-0218, 
that is 0-0099 in., for an increase from 60 tons ic 120 
nol This corresponds to 0-0198 in. for 120 tons 
t e 

The plot of aft gland face deflection is peculiar, in 
that this point apparently moves aft relative to the 
base. It is considered that this is probably correct 
and that it is caused by the deflection taking the form 
suggested in Fig. 10, opposite. If this deduction is 
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correct, it is evident that the thrust block could be 


made stiffer by thickening the top flange and providing 
horizontal ribs. Deflection due to tilting of the base 
could be reduced by lengthening it (there is usually 
room for a base twice as long) and fitting a thicker top 
= to the seat, welded directly to the vertical mem- 


It is necessary at this stage to give an account of the 
standard method of calculation used in estimating 
critical speeds and amplitudes of vibration and in 
working up trial results. The first step is to calculate 
or cherwien learn the weight of all the from the 

inions to the propeller, and to reduce the shafting to 
Sentvelene lengths of chosen cross-sectional aa It 
is usually convenient to use two section areas of shaft 
by reason of the corrosion allowance on the outboard 
portion. The s is then split up into (say) 13 
sections, the weight of each section is found, and the 
spring constant from the centre of each section to the 
centre of the next is calculated. This spring constant 
is the force in tons which would be required to increase 
the distance between the two points by 1 in., and, 
taking Young’s modulus as 30 x 10° Ib. per square inch, 

. 3 y 

we BaF, flee x 4 where L is the length 
and A the cross-sectional area of the shaft in feet and 
square feet, respectively. It will be noted that half 
the weight of the thrust-block casing is included ; this 
is because the average amplitude of vibration of the 
casing is about half that of the thrust collar. Up to 
this point, the calculation is quite straightforward and 
reasonably exact, but now two uncertain factors come 
in. The first is the mass of entrained water to be added 
to the propeller weight and the second is the spring 
constant between the thrust collar and the bottom of 
the ship or “‘ earth.” 

These factors both influence the natural frequency 
of the system, and, if one is known or assumed and 
the natural frequency has been observed during trials, 
the other may be calculated. For new construction, 
a value based on previous experience must be assumed 
for each. Having made the appropriate assumptions, 
the natural frequency may be calculated by the well 
known tabulation method. Starting with unit ampli- 
tude at Mg oor end, the forces in the 13 springs 
and the tive amplitudes of the 13 masses are 
evaluated ; at any speed other than the critical, there 
is a “ remainder torce ”’ at the pro r end, which is 
the alternating force which one ired to pro- 
duce unit amplitude at the gearwheel. At the critical 
speed, this remainder becomes zero and, if there were 
no damping, a small force would give infinite ampli- 
tude. To find the critical speed is a matter of 
trial and error, but it is usuall 
very small remainder at the third speed tried, as the 
variation of remainder with s is reasonably linear. 

To estimate the amplitude of vibration at the critical, 
two more assumptions, again based on previous experi- 
ence, are required; these are the magnitude of the 
thrust variation, and the propeller damping factor. 
Dealing with the thrust variation, the important 
assumption is made throughout that the steady thrust 
varies as the square of the speed of revolution and that, 


it amounts to 


possible to achieve a 
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for a given propeller and hull, the variation is a constant 
percentage of the steady thrust. This assumption 
appears to fit the results so far available. Having 
selected suitable values for these factors the propeller 
amplitude at critical may be calculated from the simple 


relation: Propeller amplitude = x Cp, where 
amplitude is in inches, P = alternating force in tons, 
w = (r.p.m.) x no. of blades x = 60 radians per 
second, and Cy = propeller damping factor in tons per 
inch per second. This applies only at the critical 





speed. The gear amplitude can then be found by the 
relationship already established in finding the natural 
frequency. Amplitudes at speeds other than the 
critical may be calculated by the tabulation method ; 
as unit amplitude is assumed for the gear, its actual 
amplitude neglecting damping is — 


Gear amplitude (inches) => Remainder force’ 


Damping has no appreciable effect on the amplitude 
outside the range 0-8 to 1-2 times the critical s a 
For a conventional line of shafting with the t 
block near the gearwheel end, it is permissible to use 
standard resonance curves for a single degree of freedom 
to compute propeller amplitudes at speeds below and 
up to 1-3 times the first critical. This method saves a 
considerable amount of work and is particularly con- 
venient in fitting a suitable dam resonance curve 
to trial —. The — Pw ig. 11, have been 
computed by the author for the . The dynamic 
megniier at the propeller is the ¢ culated amplitude 
at the critical, divided by the forward movement 
which would result if the same force were applied 
statically. The resonance curves cannot be used if 
the thrust block has been placed farther aft, because 
the system then becomes much more sharply tuned 
and its response is not adequately represented 
a single degree of freedom. The same applies to the 
second critical, even in « conventional arrangement. 


(To be continued.) 





NOVEL LOCOMOTIVE BOILER.—An article in Railway 
Age of March 27, 1948, describes a design of locomotive 
boiler developed by the Steam Locomotive Research 
Institute to allow higher pressures to be used. The 
barrel has conventional smoke tubes, but the firebox 
consists of several longitudinal drums, upper and lower, 
connected by closely-spaced vertical tubes which form 
the firebox walls. To overcome the difficulty of fixing 
such tubes in drums, each “‘ tube” is, in fact, two parallel 
tubes, which are joined into one larger tube for a few 
inches at each end, and then welded into the drum. It 
is thought that no difficulty would be experienced in 
building a boiler of this type for a working pressure of 
600 Ib. per square inch. The expensive maintenance of 
stayed fireboxes would be avoided, and by using the 
steam in uniflow cylinders, compound cylinders, or a 
turbine, the advantages of greater power and thermal 





efficiency would be achieved, 
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Lapping Machine.—The Newall Engineering Company, 
Limited, Peterborough, have issued a leafiet on their 
“ Hydrolap ” machine. It is designed for lapping com- 
ponents, placed between two wheels of bonded abrasive 
material, to within a tolerance of 0-0001 in. 


Dust Collection and Fume Removal.—The use of plant 
for collecting dust and removing fumes in various 
industries is described in a booklet issued by the Visco 
Engineering Company, Limited, Stafford-road, Croydon. 
Descriptions are given of several typical installations. 


Small Tools.—Messrs. Thos. W. Ward, Limited, Albion 
Works, Sheffield, have issued the first edition since the 
war of their small-tools catalogue, a publication which 
lists a wide variety of tools, including chucks, taps and 
dies, vices, reamers, drills, boring bars, calipers, milling 
cutters, files, micrometers, lathe accessories, surface 
plates, wrenches, etc. 

Hermetically-Sealed Electrical Instruments.— A pamphlet 
published by Messrs. Ferranti, Limited, Hollinwood, 
Lancashire, gives particulars of the hermetica!ly-sealed 
moving-coil and moving-iron instruments, which they 
have designed for use in tropical climates, conditions of 
high humidity, rapidly changing ambient temperatures, 
and dust- and vapour-laden atmospheres. 


Rising-Main Wiring System.—A well-illustrated pam- 
phiet, which has been issued by Messrs. W. T. Henley’s 
Telegraph \Vorks Company, Limited, 51, Hattou-garden, 
London, E.C.1, contains a description of the rising-main 
wiring system, which has been developed to meet the 
requirements of electricity supply in modern blocks of 
flats and multi-floored commercial buildings. 


Valves for Water Works, Eitc.—Messrs. Glenfield and 
Kennedy, Limited, Kilmarnock, Scotland, have pub- 
lished, in book form, a series of articles by Dr. P. L. 
Boucher, A.M.I.C.E., which first appeared in the Glenjield 


by Gazette from 1941 to 1943. The book, which is entitled 


Choosing Valves: Water Works and Pumping Practice, 
is very comprehensive, and includes some interesting 
historica] notes. 


Tubes and Tubing.—Messrs. Tube Investments Limi- 
ted, The Adelphi, London, W.C.2, have sent us three 
new technical booklets prepared by their export company, 
TI (Export) Limited, to indicate to overseas technicians 
existing and new applications of some of the firm’s pro- 
ducts. The booklets deal, respectively, with tubing and 
metal sections for the building trade, steel tubes for 
furniture, and mild-steel and stainless-steel tubes for 
the textile and carpet industries. 


Optical Comparator.—The O.M.T. Horizontal Omti- 
meter, an optical comparator for external and internal 
measuring to a high degree of accuracy, is described in a 
pamphlet issued by Messrs. Optical Measuring Tools, 
Limited, 414, Montrose-avenue, Trading Estate, Slough. 
It is particularly suitable for checking the accuracy of 
plain internal and externa! cylindrical gauges, internal 
screw gauges, length rods, and plate-type gap and thick- 
ness gauges, and for setting and checking adjustable 
caliper gauges. The scale is graduated to read to 
0-00005 in. 
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Symposium on Metallurgy of Steel Welding. British 

Welding Research Association, 29, Park-crescent, 

London, W.1. [Price 10s.] 
THE symposium on the results of modern metallurgical 
research on the arc-welding of steel, held in London in 
November, 1945, under the auspices of the British 
Welding Research Association, consisted of four sessions, 
the first two dealing with “‘ Weld Metal,” the third 
with ‘Hardened Zone Cracking and Viscosity of 
Welding Slags,” and the fourth with ‘‘ Current 
Research.” The dozen or so-papers presented are now 
available in book form, together with the introductory 
remarks of the various chairmen, and the discussions. 
The whole forms a aseful basis for the further study 
of a subject which already has reached the stage 
when it is difficult to acquire, in a reasonable time, any 
comprehensive impression of the volume of research 
that was done in the years immediately preceding the 
recent war and in the course of it, under the stimulus 
of the immense shipbuilding programmes of Britain 
and the United States. Rather curiously, there 
does not appear to be any mention of the actual date 
and place of the symposium ; neither is there even the 
customary date on the title page. It may be noted, 
too, that some of the micrographs lack an indication 
of their magnification; an omission of much more 
importance than the date. 


Works Organization and Management. By E. J. Larkin. 
Second edition. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 
40s. net.] 

Iw the second edition of his book Mr. Larkin has revised 
the text, added some new illustrations, and re-drawn 
others; in particular, he has added to the chapters 
dealing with the management function, personnel, and 
production planning. The author’s system of work- 
shop training is more fully described, and the advantages 
of a works training school are discussed. Mr. Larkin is 
associated with the school at Derby locomotive works, 
which we described on page 102, ante, and is thus able 
to write with experience of this matter. In our review 
of the first edition some criticisms were made; the 
author has taken note of most of these—the chapter 
on machine tools, for example, has been improved 
considerably. Students of Section C of the associate 
membership examination of the Institution of Mechani- 
cal Engineers are likely to read too many books, in 
relation to their practical experience, especially if they 
are studying privately, but this book is one of the few 
which provide most of the essential material without 
being unwieldy ; it is also more than usually readable. 


Aircraft Welding. By Coroner R. H. Drag, B.S., 
M.A. The Macmillan Company, 60-62, Fifth-avenue, 
New York 11, U.S.A. [Price 4 dols.]; Macmillan and 
Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 20s. net.] 

Tuis book is primarily intended for American readers, 
and is mainly concerned with the art or technique of 
oxy-acetylene welding and flame cutting, especially in 
relation to aluminium alloys. The art of making a 
satisfactory weld cannot be Sant entirely from a book, 
but the author has endeavourd to provide a volume 
which may serve “ as a classroom text, or for reference 
purposes as a practical manual to the workman in the 
field.” | Numerous pho phic illustrations and 
sketches are included to show the constructional 
details and use of welding equipment, and methods 
of preparing joints, faults in welding, and some 
typical welds. These illustrations are well captioned, 
and the learner-operator or apprentice should find 
them of pear value. The early chapters of 
the book emphasise the importance of some metallur- 
gical knowledge, and describe in simple language the 
general effects of various heat-treatment processes. 
With the aid of drawings they also explain the meanings 
of the terms used to define the physical properties of 
metals and alloys, and include a glossary of the 
technical e ions used in aircraft welding practice, 
together with a rather bewildering list of instructional 
do’s and don’ts. Many of the latter, such as “ avoid 
abusing cylinders,” “* always call oxygen by its proper 
name, ‘ oxygen’, may seem superfluous to English 
readers, and a poor substitute for the exercise of common 
sense. The operating instructions for making various 
types of welded joint, however, are set out very pre- 
cisely, though they include many details of a practical 
nature which are successfully learnt only from experi- 
ence. Problems or exercises to test the skill of the 
operator are also described and proposed, and a brief 
reference is made to the principles of electric welding. 
Though the book may appear verbose in parts, the 
author has undoubtedly succeeded in collecting suffici- 
ent information to enable an operator to acquire some 
skill in oxy-acetylene welding, even without the help 
of an instructor. The book should prove a use- 
ful addition to the libraries of technical institutions 
or works where welding is taught. 
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MOTOR VEHICLES. 


593,245. Variable-Speed Power Transmission. 
Motors, Limited, Coventry, T. Brown and W. J. 
Thomas, both of Coventry. (3 Figs.) May 25, 
1945.—This invention relates to variable-speed power 
transmissions as used on road vehicles. Its object is to 
facilitate the change from one speed ratio to another. 
The mechanism comprises a driven shaft a, a non-slidable 
pinion b, which is rotatable on the shaft, a non-slidable 
pinion ¢ on a lay shaft e arranged parallel with the 
driven shaft, a slidable pinion f on the driven shaft, 
and a slidable sleeve g arranged between and in spline 
connection with the driven shaft and the slidable pinion, 
one end of the sleeve being formed with clutch teeth h 
to engage complementary teeth i in an extension of the 
pinion 6. Combined with the pinion f is a synchromesh 
device of known construction, consisting of a conical 
friction clutch member j, which can engage a comple- 
mentary member & on the pinion b, the conical member 
being loaded by radial springs m under the control of 
balls n arranged at the inner ends of the springs and 
movable by the sleeve g. A transverse hole o is formed 
in the driven shaft and in this hole slides a bolt p, which 
is loaded by a spring gq contained in the hole. One end 
of the bolt p passes through a longitudinal slot r in the 
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sleeve g, and on one of the splines in the bore of the 
pinion f is formed a shoulder s with which the end of 
the boltcan beengaged. Also ina hole tin the sleeve g, 
adjacent to a head on-.the opposite end of the bolt p, 
is arranged a ball u, which in one position can rest on 
one of the splines in the bore of the pinion f,and which 
in another position can drop into a recess v in that 
spline. When the teeth h on the sleeve g are engaged 
with the complementary teeth i of the pinion b, this 
pinion has a driving connection with the pinion f. In 
this condition the ball « holds the bolt p in engagement 
with the shoulder sin the pinion f. When it is required 
to disengage the pinion f from the pinion }, the sleeve g 
is moved endways by a forked lever (not shown) engaging 
a circumferential groove w in the sleeve. During the 
first part of this movement the sleeve g is disengaged 
from the pinion 6, but the bolt p remains in engagement 
with the shoulder s and so prevents axial movement of 
the pinion f. At the same time, the sleeve releases the 
friction clutch j, k. When the sleeve reaches the neutral 
position, the ball u which controls the bolt » passes 
from beneath the head of the bolt and drops into the 
recess v in one of the splines of the pinion f. The bolt p 
is thus released and its spring q moves it out of engage- 
ment with the shoulder s. Continued sliding movement 
of the sleeve g moves the pinion f into engagement 
with the pinion c on the lay shaft e, the slidable pinion 
being locked to the sleeve by the bolt-actuating ball w. 
(Sealed.) 


MISCELLANEOUS. 


593,931. Releasing Device for Wringer. The English 
Electric Company, Limited, of London, P. V. Coonan, and 
T. A. Underwood, both of Preston, Lancashire. (4 Figs.) 
June 20, 1945.—This invention is a safety device for a 
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power-driven wringer to reduce risk of the fingers of the 4 
user being crushed between the rolls. Release of the ~ 
pressure on the rolls is brought about by lightly touching 
a@ movable releasing bar extending across the wringer _ 
adjacent to the rolls. The description given is mainly 
concerned with the release mechanism and not with the 
general construction of the wringer. Fig. 1 shows the 
device in the “ released ” position and Fig. 2 is part of 
the release gear. The bearings 4 carry the rolls 5, and 
the top bar 8 has attached to it the flat roller spring 9. 
Pivoted to the end of the top bar 8 by means of a pivot pin 
13 is a handle 14 of channel section forming one link of a 
toggle. Inside the handle 14 and pivoted to it by means 
of a pin 15 is the second link 16 of the toggle. Attached 


n | to the underside of the base is a bracket 18 carrying at 


its outer end a pivot pin 19 on which is pivoted a channel 
section link 20. The top end of the link 20 is connected 
to the toggle link 16 by means of pivot pin 21. The 
releasing bar 22 is a round rod bent to the shape of a 
rectangular loop having two sides parallel to, but spaced 
from, the top bar and two flattened short sides—one 
incomplete—lying across the ends of the side stiles, 
One short side of this bar is pivoted on a pivot pin 
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attached to the left-hand side stile (not shown). The 
ends of the incomplete short side are fastened to a pivot 
plate 23 pivoted on a pivot pin 24 on the side stile 3. 
The lower end of the pivot plate 23 is linked to the 
bracket 18 by a tension spring 25 which tends to hold 
the pivot plate in a vertical position. Also pivoted 
on the side stile 3 is a stop lever 26 having a 
peg 27 engaging a slot 28 in the pivot plate 23 so that 
movement of the pivot plate 23 rocks the stop lever 26 
about its pivot 29. When the stop lever 26 is in its 
normal position a stop button 30 projecting therefrom 
engages a button 31 on the link 20 and so holds the link 
outwards. When the top bar 8 and spring 9 are in the 
working position, if a light pressure is applied to one of 
the long sides of the releasing bar 22, the stop lever 26 
will be moved about its pivot 29 to the position shown in 
Fig. 2. The stop button 30 is thus moved out of engage- 
ment with the button 31 on the link 20, the pressure on 
the rolls then swinging the link 20 inwards about its pivot 
pin 19 until the pivot pin 21 moves to the left of a line 
joining the pivot pins 13 and 15. The toggle is thus 
broken and the top bar 8 springs up due to the pressure 
on the rolls, as shown in Fig. 1. (Sealed.) 


594,142. Indexing Mechanism. The Plessey Company, 
Limited, of Dford, and E. S. Cleave, of Chigwell, Essex. 
(1 Fig.) January 30, 1945.—This invention relates to 
an index mechanism of the Geneva type in which the 
operating or index shaft is at right angles to the driven 
shaft and drives the latter shaft without the necessity 
for using bevel gears. An index shaft 1 has an annular 
flange 2 on which is mounted eccentrically a part- 
spherical pin 3 on the face remote from the shaft 1. A 
portion of the index shaft 1 which extends a short dis- 
tance through the flange 2 is of a semi-cylindrical hollow 
shape as shown at 4. A star-wheel 5 is provided with 
five semi-cylindrical recesses 6 on one face, which are 


spaced equally apart between longitudinal slots 7. The 
star-wheel 5 is fixed to a driven shaft 8 disposed at right 
angles to the indexing shaft 1; thus as the index shaft 1 
revolves the spherical pin 3 engages successively the 
longitudinal slots 7, and the semi-cylindrical hollow 
extension 4 of the index shaft 1 coincides with the semi- 
cylindrical recesses 6 whenever the spherical pin 3 ceases 
to rotate the star wheel 5. In the construction illus- 
trated the star wheel 5 is rotated one fifth of a revolution 
for every single revolution of the index shaft 1 and the 
star-wheel is always locked between the intermittent 
movements. It will be understood that the star-wheel 5 
can be divided into any number of divisions as may be 
required. (Sealed.) 
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